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ABSTRACT 

The requirements for phosphorus in poultry rations are high 
and it is costly to supply the levels needed. As a result 
there has been interest in greater use of canola meal, which 
contains a high level of phosphorus (1.1%), in poultry 
rations. Consequently, a series of experiments was conducted 
with broiler chickens (0 to 4 weeks), starting turkeys (O to 
4 weeks) and laying hens to study the utilization of and 
requirement for phosphorus by these birds when they were fed 
different levels of canola meal. The parameters studied 
included level of mortality, rate of growth, feed 
conversion, incidence of leg disorders, thyroid size and 
bone ash levels in the starter chickens and turkeys. In the 
laying hens in addition to the above parameters rate of egg 
production, egg quality, egg shell quality and blood 
inorganic phosphorus levels in plasma were also measured. 

For starting chickens it was observed that a level of 
0.58% total dietary phosphorus was sufficient to meet their 
P requirements provided that at least 0.25% inorganic 
phosphorus was included in the ration. When canola meal was 
added to the ration and the amount of supplemental inorganic 
phosphorus was reduced to keep the total phosphorus 
constant, rate of growth and feed efficiency were not 
affected. When canola meal was autoclaved at 121°C for 15, 
30 or 45 minutes it appeared that the availability of phytin 
phosphorus was increased thus allowing a decrease in added 


inorganic phosphorus without affecting performance. 
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Studies with starting turkeys indicated that the 
requirement for phosphorus may be lower than the 0.80% 
listed in the National Research Council publication on 
Nutrient Requirements of Poultry. A level of 0.67 to 0.73% 
in the diet was adequate for normal growth rate and feed 
efficiency. Higher levels of phosphorus resulted in 
increased bone ash values but an increase in incidence of 
leg disorders was also observed. Inclusion of 10, 15 or 20% 
canola meal in the rations fed resulted in performance 
Similar to that observed on wheat-soybean meal type rations. 

In the experiments with hens it was observed that 
laying pullets could be fed on much lower levels of 
phosphorus than that specified (0.50%) in the National 
Research Council publication on the Nutrient Requirements of 
Poultry, irrespective of the type of housing, without 
affecting productive performance. With hens raised on floors 
a minimum level of 0.40% phosphorus seemed to be adequate 
while in cages a level of 0.44% phosphorus was sufficient. 
The experiments also showed that the laying hen was capable 
of utilizing the phytin phosphorus in the diet when the 
level of phytin phosphorus was increased and the level of 
inorganic phosphorus was decreased through the inclusion of 


canola meal in the diet. 
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I. INTRODUCTION 
Phosphorus (P) is an essential nutrient for poultry. It is a 
major component of bone, and compounds containing P are 
involved in most metabolic reactions in the animal body. 
Because of its important role in nutrition it is accepted 
that P is required for growth, development, production and 
maintenance of all animals. 

The dietary requirements for P by poultry are high. The 
publication "Nutrient Requirements of Poultry" (NAS-NRC, 
1977) lists requirement levels of 0.70% for starting 
chickens (0 to 8 weeks), 0.40% for growing chickens (8 to 18 
weeks). 0.50% for laying hens, 0.80% for starting turkeys (0 
to 8 weeks), 0.60% for growing turkeys (8 weeks to market) 
and 0.60% for turkey breeders. In formulating rations for 
poultry, the contribution of P by the individual ingredients 
composing the ration are taken into account. Grains and 
plant protein supplements which usually make up the major 
portion of the ration, provide a part of the P requirement 
of the bird and the remainder is supplied by the animal 
protein feedstuffs and inorganic P supplements. 

In meeting the requirement for P it 1S necessary to 
consider not only the total P content of the diet but also 
the availability of the P. The availability of P in the 
different feedstuffs may vary widely. Phosphorus derived 
from animal protein feedstuffs and inorganic P supplements 
is considered to be wholly available; however, P derived 


from grains and plant proteins is only partially available. 
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Approximately 70% of the P in grains and plant protein 
supplements is found in organic combination as phytin, which 
is considered to be largely unavailable to young growing 
chickens and turkeys but appears to be available to some 
extent to the laying hen. 

The proportion of phytin P to total P in the diet may 
vary considerably. In practical-type poultry rations the 
amount of P supplied by grains and plant protein supplements 
usually varies from 0.35 to 0.40%. If it 1s assumed that 70% 
of the total P from plant products is phytin P then in most 
rations the level of phytin P varies from 0.25 to 0.28%. 
Thus the contribution of phytin P in different rations may 
range from as low as 40% to as high as 60% of the total P 
requirements. 

Due to the high cost involved in the addition of 
inorganic P supplements to the ration, increasing interest 
has been extended to the large proportion of phytin P in the 
ration and the extent to which it can be utilized by 
poultry. In addition there has been some interest in the 
possibility of using rations containing canola meal (CM) as 
a source of P in poultry rations. Canola meal contains a 
very high level of P (1.1%) in comparison to soybean meal 
(0.65%). Since limited information was available on the 
extent to which the P in CM was utilized by poultry it 
seemed desirable that studies be conducted to assess its 
availability. Attempts have also been made to try to improve 


the availability of phytin P by poultry by varying the 
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processing conditions applied to the feed. 

The experiments reported herein were undertaken to 
determine the influence of processing on the availability of 
phytin P and to determine the levels of total and inorganic 
P required by growing chickens, turkeys and laying hens in 


rations containing varying levels of CM. 
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II, LITERATURE REVIEW 

The role of P in nutrition is important as this element, in 
addition to being a major constituent of bone, is also an 
essential component of organic compounds involved in almost 
every aspect of metabolism. Hence P is one of the major 
minerals required in the diet of all animals. Since many of 
the ingredients used in rations for livestock and poultry 
contain less P than is required for normal growth and body 
functions, it 1S necessary to include supplemental sources 


of P in the rations fed. 


A. General Introduction 

1. Sources 

Phosphorus in feeds occurs in two forms, one of which 
is organic and the other inorganic. Most of the P in organic 
combination is in the form of phytin which is the calcium 
and magnesium salt of inositol phosphoric acid (Plimmer and 
Page 1913). It is the principle form of P of all naturally 
occurring feed ingredients of plant origin (Nelson 1967). 

The percentage of P occurring as phytate varies 
considerably in different plants. McCance and Widdowson 
(1935) and Giri (1938) reported that approximately 40 to 70% 
of P of cereal grains was present in the form of phytin. 
Common (1940) showed that the phytin P content of feedstuffs 
derived from processed oilseeds was one-half to two-thirds 
of the total P content. Mollgaard (1946) reported that 70 to 


80% of the P in processed oilseeds and 65 to 85% of the P in 
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cereal grains was phytate P. Other reports indicated that 
81% of the total P in wheat bran was in phytate (Boutwell et 
al. 1946) and 30 to 60% of the P in seeds, grains and tubers 
was in phytate combination (Oke 1965). 

The non-phytate content of plant feedstuffs ranges from 
15 to 50% but the degree to which this is utilized has not 
been clearly established (Nelson 1967). In general, it is 
considered (NAS-NRC 1977) that 30% of a mixture of plant 
sources of P is utilized by young chicks or poults with 
considerably more of the phytin P utilized by older birds. 

The inorganic sources of P generally added to rations 
to meet whe nutrient requirements are considered to be 
highly available to the animal. Gillis et al.(i1948) compared 
the availability of a number of common P supplements and 
pure phosphate compounds. It was reported that beta 
tricalcium phosphate ae other reagent grades such as mono-, 
di- and tricalcium phosphate were highly available sources 
of P for chickens. Defluorinated rock phosphate was less 
available than the pure orthophosphate but was more 
available than pure metaphosphate and pyrophosphate. It was 
later confirmed (Gillis et al. 1954) that feed grade samples 
of tricalcium phosphate, defluorinated phosphate and 
domestic steamed bone meal were readily available sources of 
P. Other products of slightly lower availability were spent 
bone char, bone ash and imported bone meal of unknown 
history. Dilworth and Day (1964) observed that P sources 


with an availability of 79% or more when compared to sodium 


ye A Y 7. ee vv ra se sien ae tet? o o , rss ; oo : hea 


GR ahs SAUL Pee see ere oil 
us 7 re fi m ‘ a¥ -| Ig i 7 i ' ' f i \4 ma) rao ae 0, 
‘ a 
ty, eS AFB ya ad Pimrei ear 
rf | 


tyre. era” “pepe eo: eg 
‘ a 
) f 
Cw , tone Ae a] 
if 
: 1. Be i fli ar 
’ i 1 é fi Pale | ' 
. oe 
a 7 ect u ee ; - 
; 4 A OW. BES AD.) Ctx. } ie oy) 
1 
av 3 . s _ yest ‘ A \ r . * ) ahy 
or ve - 
2 y 
i —_  . 


. a \G mm 4G) Seger: pelts Of ome sr | 
+. ioe , ht am 
combo widntions ‘ah en T | Gane :: Ao ye hy ee ee 
gh a dp bP4s Sa taey reset Slate lla Mp4 aut iy aaa 
> belbaeiten <? Bede Winkie Leet tome | Gh Ms | mr 
_= : a pf se a wy. 
a a eve. *i Aia2 Guus asia. ae See? Jie > pos 4495 ie 


: oO t an a 7 a ; - Pa 
Ft - OA 7 igsees? i’ Got 3S Fe" *he es ¢ 
ve -_ - oa , - : Ci 7 : ‘ vile a oil 
ae \-, 
_ a¢ rN Bee 7 wo A ae a 


acid phosphate could be considered satisfactory sources of 
ee 

The availability of P in different inorganic sources 
May vary considerably. The relative availability of P in 
rock phosphate is dependent on the source of the material. 
Availabilities ranging from 0 to 87% were reported by Gillis 
et al. (1954) for rock phosphates obtained from different 
locations and an availability of 0% for two imported rock 
phosphates by Wilcox et al.(1954). It was reported by both 
groups of workers that the P in colloidal phosphate was 
highly unavailable for young growing birds. 
2. Requirements 

The dietary requirements of P for poultry has always 
been closely associated with that of calcium. Early reports 
have emphasized the importance of the calcium-phosphorus 
ratio rather than the quantitative requirements for these 
minerals (Bethke et al. 1930; Hart et al. 1930). Wilgus 
(1931) reported that the P requirement of growing chicks was 
0.50% or less in rations in which the calcium-phosphorus 
ratiovveriedrirom (i lRton2e2ei1 

The; inabidity of thetchicken tovutilize phytin Py has 
resulted in requirements often being stated in terms of 
inorganic, Puor non=phytiny Parather thanetotaleP 
requirements. Gillis et al. (1949) observed that chicks 
required approximately 0.40% of a readily available form of 
inorganic or non-phytin P when the diet contained a total of 


at least 0.60% of this element. O'Rourke et al. (1952) using 
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purified diets, reported a requirement of 0.46% inorganic P 
for chicks up to 3 weeks of age with the requirements 
decreasing with increasing age of the bird. Almquist (1954) 
concluded that growing birds up to 4 weeks of age require 
0.45% of a readily available P source. Temperton and Cassidy 
(1963a) working with light-type hybrid pullets observed that 
a level of 0.48% total P from plant feedstuffs containing 
0.23% non-phytin P was sufficient for normal growth and 
calcification. In further studies Temperton et al. 
(1965a,b,c) confirmed that pullets (8 weeks old) could be 
raised up to the laying period on P derived from plant 
sources alone supplying a level of 0.45 or 0.46% total P. 

As a result of the low availability of organic P, the 
requirements for total P in poultry rations are considerably 
higher than the requirements expressed in terms of available 
P, Requirement levels of 0.60 to 0.65% P for growing chicks 
have been reported (Lillie et al. 1964; Mehring and Titus 
1964; Twinning et al. 1965; Waldroup et al. 1965). On the 
basis of these studies and taking into account the fact that 
approximately 30% of P in plant products is non-phytin P, a 
total requirement of 0.70% for chickens from 0 to 8 weeks 
has been listed (NAS-NRC 1971,1977). 

The reported P requirement of laying hens has varied 
widely. Early work on the P requirements of laying hens 
indicated that 0.75% P was needed (Norris et al. 1934). 
Later, Miller and Bearse (1934) and Evans et al. (1944) 


suggested that 0.80% P in laying rations resulted in better 
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productive performance than 0.60%. Gillis et al. (1954) 
reported that laying hens utilized phytin P approximately 
one-half as effectively as an inorganic source of P and 
recommended dietary levels of 0.50% inorganic or 

"available ' P for egg production and maintenance of body 
weight and 0.60% for maintenance of optimum blood levels of 
P and prevention of decalcification of bone. O'Rourke et al. 
(1954) indicated that the requirements for P for laying 
pullets were considerably lower than had been proposed by 
previous investigators. They concluded that 0.30% total P 
was sufficient for normal egg production and hatchability. 
Pepper et al. (1959) reported that a level of 0.38% total P 
was sufficient to maintain a high rate of production for a 
44-week laying period with hens kept in floor pens with 
Hitter: 

The requirements of P appeared to be influenced by the 
type of housing provided. Singsen et al. (1962) observed 
that hens kept in laying cages required a higher level of 
dietary P than those kept in floor pens. The performance of 
birds fed 0.40, 0.50 or 0.60% P in floor pens were similar, 
probably due to coprophagy, but in laying cages the 
performance improved as the P level was increased. It was 
concluded that the P requirement of laying hens kept in 
cages was more than 0.45% (0.35% available) but not more 
than’) 0.560% (0.55% available). -Hamilton:and Sibbald (1977) 
indicated that under practical conditions 0.45% available P 


was adequate for laying hens. The requirements for total P 
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for laying birds (NAS-NRC 1977)) has been lowered to 0.50% 
from a previous stated requirement of 0.60%. This change was 
based on the observation that "older birds have the ability 
HOmuUti li zeymost#eifenot) all of) the. phytin’ ora organic: Pin 


plant material". 


B. Methods and techniques for determining phosphorus 
availability 

Several techniques have been developed for determining 
P availability in various species of animals. In poultry, 
the most commonly used methods involve, balance studies, 
isotope trials, measurement of calcification, determination 
of blood levels and assessment of factors such as body 
weight, egg production and egg quality. 
1. Balance studies 

This method is simple and involves measuring the total 
intake of P and the output of P in feces. The difference, 
expressed aS a percentage of intake, gives a measure of P 
retention. Common (1933,1940) measured the excretion of 
phytin P by laying chickens using this technique and 
concluded that a large proportion of the phytin in 
feedstuffs was unhydrolysed by the chicken. Temperton and 
Cassidy (1963a,b) in balance studies with growing chickens 
found that they could retain a large proportion of phytin P 
in their body. The obvious disparity in the results gives 
rise to some question of the validity of this technique for 


measuring the utilization of phytin P. 
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In studies with pigs Tonroy et al. (1973) using the 
apparent digestibility technique observed that the apparent 
digestibility of dicalcium phosphate varied widely in two 
separate experiments. Pierce et al. (1977), also in studies 
with pigs on the availability of P in cereal grains, 
concluded that other factors besides digestibility values 
are necessary for assessing adequacy of dietary P. 

Recently, Nwokolo et al. (1976) developed a method with 
chickens for measuring P availability in which a correction 
for endogenous P secretion was made. It was suggested that 
the method gave a closer estimate of the 'true' availability 
ODP s 
22 eotane trials 

The availability of radioactive P has allowed 
investigators to study the metabolism of phytate P more 
precisely. Singsen et al. (1950) fed labelled calcium 
phytate to turkey poults and-found that °*P appeared readily 
in various parts of the body. This showed that exchange 
reactions occurred between labelled phytate and other forms 
of P either in the intestine or after absorption. Keane et 
al. (1954) reported similar exchange reactions in studies in 
vitro. Gillis et al (1957) compared *?P labelled phytate 
with °*?P labelled inorganic orthophosphate as a source of P 
for chickens and poults. They found that *?P labelled 
calcium phytate was utilized one-tenth as effectively as 
inorganic orthophosphate (Na,H*?PO,) by chicks and even less 


efficiently by turkey poults. Ashton et al. (1960) using a 
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source of labelled phytin in oats found that growing 
chickens utilized one-fifth of the phytate P from oats and 
did incorporate some of it into actively growing tissue. The 
disadvantages of this method were the difficulty of 
incorporating the label into the source of phytin in the 
plant and the fact that net retention of radioactive **P did 
not necessarily indicate the net utilization of the phytate. 
3. Measurement of calcification 

Since P is a major component of bone, biological 
Studies involving calcification are an appropriate and 
practical way of assessing P availability. In such studies 
the ash content of bones serves as an indicator of the 
Gegree of calcification that has occurred. To estimate the 
extent of calcification, the ash content of the tibias, toes 
or occasionally femurs may be determined. 

a. Tibia ash 

The ash content of the tibia of chicks, expressed 

aS a percentage of the fat free, dry bone has been used to 
estimate P availability. Initially, the procedure was used 
aS a criterion for determining calcification in relation to 
vitamin D levels in the diet but the obvious 
interrelationship between calcium, P and vitamin D in 
calcification prompted the use of bone ash as a measure of 
availability of calcium and P as well (Bethke et al. 1930; 
Wilgus Jr. 1931; Evans et al. 1944). With the recognition of 
the limited utilization of phytin P by monogastric animals, 


researchers have used bone ash values to determine the 
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extent of phytin utilization (Lowe et al. 1939; Kreiger et 
al. 1940; Kreiger and Steenbock 1940; Kreiger et al. 1941; 
McGinnis et al. 1944: Gillis et al. 1948; Miller and 
Joukovsky 1953). 

Gillis et al. (1953) were the first to attempt to 
determine the biological value of different sources of 
inorganic phosphates used in poultry rations. A standard 
curve was developed by measuring tibia bone ash content of 
chicks fed graded levels of an inorganic source of phosphate 
(beta-tricalcium phosphate) assumed to be 100% available. 
The test ingredient was then compared to the standard curve 
and a value aoe biological availability was derived. Nelson 
and Walker (1964) and Dilworth and Day (1964) also used 
tibia ash values in evaluating the availability of P 
compounds and indicated that tibia ash was more accurate 
than body weight aS a measure of dietary levels of P. Nelson 
(1967) observed that bone ash served as a sensitive and 
practical criterion for evaluating dietary P availability. 
Sullivan (1966) reported that a 4-week period of growth 
which gave optimum bone ash values was a more accurate and 
sensitive measure of P availability than the 10-day assay 
developed by Ammerman et al. (1960). 

Pierce et al. (1977) in a study with pigs also 
used bone ash values for assessing phytate utilization. It 
was found that productive performance and skeletal 
development were of equal value in assessing adequacy of 


dietary P supply. 
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b. Toe ash 

Due to the time involved in dissection and the 
lengthy fat extraction required for tibia ash determinations 
Baird and MacMillan (1942) suggested that the ash content of 
toes be used aS a criterion of calcification and outlined a 
method for toe ash determination. Campbell et al. (1945) 
investigated the toe ash method as a means of measuring 
vitamin D status of chicks and found that there was no 
Significant difference in the precision of the values 
obtained with toe ash and tibia ash methods. The procedure 
had the advantage that the bird could continue to live after 
removal of the toes; however, other variations like degree 
of calcification due to cornification of the pads and 
breaking of the claws may have affected the values obtained 
(Campbell et al. 1945). 

Yoshida and Hoshii (1976) developed a simplified 
and rapid biological assay procedure which used slope ratio 
assay of the linear regression lines between added P and toe 
ash content. Hoshii and Yoshida (1977a) determined the 
availability of 25 ingredients by bioassay on toe ash 
content and found this method comparable to total carcass 
retention of P for measuring P availability (Hoshii and 
Yoshida 1977b). 

4. Blood levels 
The levels of inorganic P in blood plasma has been used 
to assess the availability of P in the diets of chickens. 


Gillis et al. (1953) determined inorganic P plasma levels in 
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laying birds to find the amount of inorganic P required by 
the birds for normal growth and production. Later studies 
showed that inorganic P levels in plasma may be affected by 
dietary calcium. Arscott et al. (1962) and Reichmann and 
Connor (1977) observed a significant increase in plasma 
inorganic P when calcium was increased in the diet. This 
showed that plasma P was positively and linearly related to 
dietary calcium and also indicated that the absorption of P 
was dependent on the level of dietary calcium. Pierce et al. 
(1977) presented data supporting the observation that plasma 
inorganic P level was a good indicator of P adequacy in pigs 
only when they were fed adequate levels of calcium. 

Miller et al. (1977) found that the level of inorganic 
P in serum was closely related to the egg laying cycle of 
the hen. This was confirmed later by Choi et al. (i272) who 
found that the excretion pattern of P was also closely 
related to the egg laying cycle of the hen. In evaluating P 
Status of the laying hen using inorganic P levels in plasma 
it 1S important to select birds at the same stage of lay, 
usually immediately after oviposition (Miles et al. 1980). 
5. Body weight 

Rate of growth of chickens may be influenced by the 
level of P supplied. Consequently growth trials have been 
used to try to assess P requirements and availability. 

In early studies on the utilization of P from legumes 
and cereals, Heuser et al. (1943) and Singsen and Mitchell 


(1944) found that body weight gain of growing chicks at 8 
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weeks of age did not accurately assess P availability. 
Consequently growth of birds at an even earlier age was used 
as a measure of P availability. Using 4-week body weight as 
a measure, Carver et' al. (1946) and Gillis et al. (1948) 
were able to determine the P requirements of the growing 
chicken. When the total P in the diet was below 
requirements, organic plant P could be utilized to support 
body weight gains but was somewhat less available for bone 
calcification (Waldroup et al. 1965). While these results 
are in contrast to reports of many previous workers 
concerning plant P availability, it was stressed that 
calcium and vitamin D supplementation of the diets was 
designed to permit maximum usage of organic P as shown in 
earlier studies (Vanderpopuliere et al. 1961; Harms et al. 
1962; Waldroup et al 1964a,b). In waces on the organic P 
remained in its natural form in the plant material rather 
than as the chemically isolated compound (Waldroup et al. 
1965). 

Growth curves, uSing body weight data, have been widely 
used as a means of assessing P availability. Wilcox et al. 
(1954) determined the availability of P in various phosphate 
sources by comparison with a standard growth curve obtained 
by feeding graded levels of a reference phosphate to growing 
birds and determining their corresponding body weights. 
Nelson (1967) criticized the use of growth curves in 
evaluating phosphates and stated that the method became 


inaccurate when the level of dietary P approached the 
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chick's requirement for this element. 

The possibility of using more than one criteria to 
assess P availability prompted Sullivan (1966) to compute a 
formula to determine the biological value of P and the 
relative biological value of different sources of P. Using 
the 3-response criteria body weight, percent bone ash and 


gain:feed ratios the following formulae were proposed: 


4-week body 
Phosphorous weight.,grams 4-week (4-week 
biological = ————————— + % bone-ash + 10 x gain:feed) 
value 10 
Relative Biological value 
phosphorus of unknown source 
biological = ——————————————- x. 100 
value Biological value of 


reference standard 

The relative biological values obtained using the above 
formula for feed ateeee included in a corn-soybean meal 
diet fed to young turkeys were 95.7 to 101% for commercial 
dicalcium phosphates, 82.6 to 98.2% for defluorinated rock 
phosphates and 91.2% for a raw rock phosphate source using 
monocalcium phosphate monohydrate as a reference standard. 
6. Egg production 

Since calcium and P metabolism are very closely 
related, it seems probable that in egg shell formation in 
which calcium is of major importance, P would also be 
involved. Common (1932) observed a retention of calcium and 
P preceding the egg laying period. After egg production 


commenced, a heavy voiding of P in the droppings occurred. 


=< ¥ 
= og) 
7 ¥ W : : la iv 
aan le. a tris, as! Ae 
We. v 2 i eee oat t me Gaal aay . be hy - 
| | “ ‘ mm rE ae re! 
ad | 4 lls . | 
: Pot 
| | Me), 
r ¢ « Hl 14 b 
f 
a . 
\ 
' ; 6 * 
1 z : 
e . 
} i 
| : 
j 7! 
dvi inns 
t 
\ ang ai Aan : 
: 
i | 
t 
Tee | \ iW ri 4 : Ag rd 


fl 
| 


ee a Se) |) ee LO a re ata he 


pen 


‘ 7 iy 24 


In later studies, Common (1934) found an increased 
phosphatase content of blood suggesting that calcium 
phosphate stored in the bones was being withdrawn. Since 
most of the calcium was utilized for egg shell formation the 
excess P was excreted. 

Early studies on P requirements for the laying bird 
showed that a high level (0.80%) was required for egg 
production (Miller and Bearse 1934: Evans et al. 1944). 
Later studies (Gillis et al. 1953; Singsen et al. 1962) 
showed that the levels of P proposed earlier were higher 
than required; levels above 0.60% P were not found to be of 
any benefit in improving egg production. O'Rourke et al. 
(1952) demonstrated that as little as 0.30 P was sufficient 
to maintain egg production. 

7. Egg quality 

Since egg quality may be influenced by many dietary 
factors, efforts were made to relate P availability to 
various characteristics such as hatchability, egg shell 
Quality, egg specific gravity, egg weight and egg interior 
quality. 

a. Hatchability 

Initial studies (Titus et al. 1937) indicated that 
the P content of the diet of the breeding hen had no effect 
on embryonic mortality. A later study (O'Rourke et al. 1954) 
however, demonstrated that at very low levels of P (0.20%), 
hatchability of eggs was decreased. This was later confirmed 


by other workers (Singsen et al. 1962; Waldroup et al. 1967) 
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who observed that hatchability declined when the level of P 
was below 0.30%. 
b.Egg shell and interior quality 

Other egg quality traits such as shell quality, 
shell strength, shell thickness, specific gravity and Haugh 
units have also been used to try to determine the 
requirement of P for the laying bird. Miller and Bearse 
(1934) reported that egg shell quality was not influenced by 
the level of P in the diet and this was later confirmed by 
Evans et al. (1944); however, in both studies the level of P 
provided in the rations was higher than the current 
requirement levels (NAS-NRC 1977). Even when much lower 
levels of P (0.20 to 0.70%) were used, Singsen et al. (1962) 
observed that neither egg weight nor egg shell thickness was 
affected by any of the P levels used. Arscott et al. (1962) 
reported a decrease in egg specific gravity when dietary P 
levels were raised from 0.60% to 0.90%. This was supported 
by later studies showing that feeding diets with lower 
levels of P tends to produce thicker egg shells (Taylor 
1965). Hunt and Chancey (1970) reported that egg shell 
quality tended to be inversely proportional to dietary P 
levels. 

Other studies indicated that egg quality factors 
were not very sensitive to variations in dietary P. Hamilton 
and Sibbald (1977) observed that feeding diets containing 
0.40 to 0.55% P had no significant effect on egg specific 


gravity, egg weight or incidence of blood spots. Similarly 
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Yannakopoulos and Morris (1979) reported that varying the 
non-phytate P level of the diet from 0.31 to 0.48% had no 


effect on egg shell thickness or shell deformation. 


C. Methods of improving phosphorus availability 

The presence of large amounts of P in plant feedstuffs 
in an organic form which is unavailable to the animal, 
coupled with the cost of inorganic P, has led to research to 
try to improve its utilization by animals. Methods used for 
this purpose have included variations in feed processing and 
enzyme hydrolysis. 
1. The influence of feed processing on phosphorus 
availability 

a. Autoclaving 

The application of moist heat under high 

temperature and steam pressure was shown by Singsen (1948) 
to increase the availability of P in wheat bran. It was 
suggested that the application of heat may have resulted in 
the hydrolysis of phytin with release of inorganic P (O'Dell 
1962; Lease 1966). This was later confirmed by Summers et 
al. (1967) who showed that the phytin P content of wheat 
by-products decreased as autoclaving time was increased. 
Kratzer et al. (1959) and Lease et al. (1960) suggested that 
autoclaving isolated soybean protein or sesame meal 
destroyed some of the phytic acid and thus reduced the 
chicks”\‘or poults' need for zine which may be chelated by 
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b. Steam pelleting 
Attempts to improve the availability of P in 

feedstuffs by the use of steam pelleting has given variable 
results. Cisneros (1966) reported that steam pelleting a 
corn-soybean meal diet resulted in increased ash content of 
the bones of chicks fed a ration without added inorganic P. 
Summers et al. (1967) also observed that the P availability 
of wheat bran increased when the bran was pelleted 
separately in the whole ration. In later studies, however, 
Summers et al. (1968) showed that steam pelleting wheat bran 
and regrinding it lowered the availability of P. Bayley et 
al. (1968b) reported that when either corn or soybean meal 
(SBM) was pelleted separately before incorporation into a 
diet of low phosphorus content there was no improvement in 

growth-rate or bone development. Similarly, no enhancement 
ote availability as a result of steam pelleting rations for 
laying hens was recorded by Pepper et al. (1969). Corley and 
Easter (1979) however, found that pelleting was of some 
benefit in improving P utilization in wheat bran and rice 
bran but Harrold et al. (1979) observed that steam pelleting 
was of no benefit in increasing the availability of P in 
barley. It was suggested (Bayley et al. 1968a) that the 
conflicting results obtained in the various studies were 
probably due to variations in pelleting conditions. It has 
been observed that the effects of steam pelleting can vary 
even when conditions are kept as uniform as possible (Pepper 
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2. Enzyme hydrolysis 

The enzyme phytase (myo-Inositol-hexakisphosphate 
6-phosphohydrolase) catalyses the hydrolysis of phytic acid 
(myo-Inositol-hexaphosphoric acid) to inositol and 
orthophosphoric acid. Phytase is widely distributed in plant 
and animal tissue and in many species of fungi and bacteria. 
Suzuki et al. (1907) first isolated this enzyme from rice 
bran. Anderson (1915a,b) identified the enzyme in wheat 
bran. Patwardhan (1937) first reported its occurrence in the 
intestinal mucosa of rat. Steenbock et al. (1954) and Bitar 
and Reinhold (1972) reported the presence of the enzyme in 
the intestine of various species of animals. Peers (1953) 
recorded it to be one of the first enzymes found to liberate 
inorganic phosphate from organic P compounds. 

For hydrolysis of phytin by phytase to take place, 
optimum conditions are needed. All feedstuffs may not 
contain the enzyme, but even if it iS present, processing of 
the feed may destroy the enzyme (McCance and Widdowson 
1944). Hill and Tyler (1954) discussed the optimum pH and 
temperature for both plant and intestinal phytase activity 
and indicated that unless optimum conditions are met, rate 
of hydrolysis is reduced. Nelson (1967) stated that feed 
ingredients cannot be considered to be a consistent source 
of phytase. 

Since levels of phytase in feed ingredients and in the 
intestine may vary, other sources of the enzyme have been 


used to try to increase availablity of phytin P. Warden and 
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Schaible (1962) using a bacterial source of enzyme (lysed 
E.coli) found that it improved both growth and bone 
development when it was added to a ration for chickens. 
Shieh and Ware (1968) reported that a fungus (Aspergillus 
ficuum NRRL 3135) provided a large amount of active phytase 
that was effective in improving the availability of organic 
P., Nelson et al. (1968) used the same source of enzyme as 
Shieh and Ware (1968) to treat SBM in vitro. A marked 
improvement in growth and bone development was observed in 
chicks fed the treated meals. Later studies by Nelson et al. 
(1971) indicated that the feeding of the acetone dried 
enzyme preparation of A.ficuum was also beneficial in 
improving growth and bone development. 

There are other indications that microbial sources of 
phytase may result in the hydrolysis of phytin. Reinhold 
(1975) reported that the use of yeast in the preparation of 
whole wheat bread was beneficial in destroying phytate thus 
preventing zinc deficiency in an Iranian population. He 
observed that one-third of the phytate in wheat was 
destroyed in 2 hours by adding yeast to the dough. Yen and 
Verum (1979a,b) observed that when 2% of a live yeast 
culture waS included in rations for pigs it was of some 
benefit in improving P availability for finishing pigs but 
had no effect with growing pigs. Fardiaz and Markakis (1981) 
in studies conducted in vitro, fermented peanut presscake 
with various cultures of molds (Neurospora sitophila, 


Rhizopus oligosporus and a Neurospora strain isolated in 
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Indonesia) and found that the culture of FR. oligosporus was 
most effective in destroying the phytic acid content. 
Fermentation of the peanut meal for 72 hours resulted in 


hydrolysis of 97% of the phytic acid that was present. 
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III. EXPERIMENTS AT THE UNIVERSITY OF ALBERTA 


Experiments were conducted to study: 


A. SECTION 

Effects of processing canola meal on phosphorus utilization 
by broiler chickens 

1. Influence of varying processing conditions. 

2. Influence of processing and dietary phosphorus levels on 


the performance of broilers. 


B. SECTION 
Effects of dietary fibre and inorganic phosphorus levels on 


the performance of broiler chickens 


C. SECTION 


Utilization of dietary phosphorus by turkey poults 


D. SECTION 

Utilization of dietary phosphorus by laying hens 

1. Influence of phosphorus levels in rations containing 
canola meal on performance of hens kept in floor pens. 

2. Influence of phosphorus levels in rations containing 


canola meal on performance of hens kept in batteries. 
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A. SECTION: Effects of processing canola meal on phosphorus 


utilization by broiler chickens 


1. Influence of varying processing conditions 


Introduction 


The conditions used in processing CM may influence the 


level and availability of nutrients. Consequently the 
processing conditions applied are designed to produce a 
product with optimum nutrient availability. In Canada the 
meals are most commonly processed by the prepress-solvent 
extraction method or by solvent extraction. The conditions 
‘maintained during the entire operation are responsible for 
the quality of the meal produced (Clandinin et al. 1978a). 
Canola meal is a rich source of P and has a large 
proportion of its P in organic form as phytin (Finlayson 


1977). There is therefore interest in the effects that 


processing conditions may have on P availability. With some 


feedstuffs, heat treatment in the presence of moisture has 
been found to cause some hydrolyis of the phytin present 
(Singsen 1948; O'Dell 1962; Lease 1966). Although the 


prepress-solvent extraction method involves pre-cooking of 


the crushed seed before fat extraction, hydrolysis of phytin 


does not seem to occur to any marked degree (Finlayson 


1977). This suggests that the heat applied is not 
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Sufficiently high to bring about hydrolysis of phytin’ in the 
meal. 

There 1S some evidence that the use of high 
temperatures during processing such as autoclaving or steam 
pelleting may be of some value in improving the availability 
of P in feedstuffs. Summers et al. (1967) showed that a 
decrease in the level of phytin P in wheat bran occurred as 
a result of autoclaving or steam pelleting. Bayley et al. 
(1968b) reported improved utilization of P from corn and SBM 
when the rations containing these ingredients were pelleted. 

Since preliminary studies conducted indicated that the 
availability of P in CM may be improved by the application 
of heat, experiments were conducted to (i) study the 
influence of time and temperature used in autoclaving CM on 
utilization of P in the meal (ii) compare the effects of 
autoclaving and steam pelleting on phytin P utilization and 


(iii) compare laboratory prepared CM with commercial CM. 


Materials and Methods 
Experiment 1 

Three hundred and eighty four, day-old broiler chickens 
(White Mountain x Hubbard 9) were sexed and randomized 
into 24 groups with 8 male and 8 female birds each. Three 
groups were assigned to each of the ration treatments (Table 
III.1). The rations were formulated to be isocaloric and 
isonitrogenous and to contain equal amounts of total P. 


Canola meal was Used atea wevel of 20% in all diets. 
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Samples of CM used in the experiment were prepared by 
heating them in the autoclave (A-CM) at different 
temperatures for varying lengths of time. The meals were 
placed in trays to a depth of approximately 2.5 cm, covered 
with aluminium foil and autoclaved at a temperature of 110°C 
Ona 2t7Cstorlaiperiod 6£915, 30 or 45° minutes (Table II1.1). 
At the end of the heating period the meals were cooled as 
quickly as possible and dried at room temperature. 

The chickens were raised in electrically heated 
Petersime batteries with raised screen floors. Feed and 
water were supplied ad libitum. Continuous lighting was 
provided. 

Records were kept on mortality, body weight, feed 
consumption and incidence of leg disorders. All birds that 
showed evidence of perosis (slipped tendons) or other 
abnormalities such as bowed legs or enlargement of the 
tibial-metatarsal joint were recorded as suffering from leg 
disorders. 

The experiment was terminated after 28 days on 
treatment. At the end of the experiment four birds from each 
group were selected at random and killed by cervical 
dislocation. The thyroid glands were then removed and their 
weights recorded. The tibia and middle toe (between the 
second and third digital bones) from the left side of each 
chicken were also removed. The tibias were cleaned of 
adhering flesh by immersing them in boiling water for a few 


minutes. They were then crushed and fat extracted with 
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ether, dried to constant weight at 100°C, ashed individually 
at 800°C for 1 hour and the percentages of ash calculated 
(AOAC 1980). Four toes from birds in each replicate were 
Gried together to constant weight at 100°C and ashed at 
600°C for 4 hours. Ash percentages for each treatment were 
then calculated (AOAC 1980). 

The data were subjected to analyses of variance. 
Percentage data for mortality and leg disorders were 
transformed usSing arcsin transformation; however, for ease 
of interpretation means were expressed as percentages. 
Significance of differences were assessed by applying 
Student-Newman-Keuls' procedure (Steel and Torrie 1980) at 


the 0.05 level of probability. 


Experiment 2 

In this experiment, 420 day-old broiler chickens (White 
Mountain é x Hubbard Q) were sexed and randomized into 21 
groups with 10 male and 10 female chickens in each group. 
Three groups were placed on each of the rations shown in 
Table III.2. The rations were formulated to be isocaloric 
and isonitrogenous and to contain equal amounts of total P. 
The levels of CM used were either 20 or 30%. 

A sample of commercial meal produced by the prepress 
solvent method was used in the experiment. The meal was 
further processed either by autoclaving or steam pelleting. 
A portion of the meal was autoclaved in the same way as in 


Experiment 1 at 121°C for 45 minutes. Another portion of the 
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meal was steam pelleted (SP-CM) using a commercial-type 
pellet mill and reground. The exact temperature, time and 
pressure applied during steam pelleting could not be 
measured. 

The chickens were raised under conditions similar to 
those used in Experiment 1 and records were kept on 
mortality, rate of growth, feed consumption and incidence of 
leg disorders. At the end of 28 days, four chickens from 
each group were killed and their thyroid glands were removed 
and weighed. Tibias and toes from the left side of the 
chicken were also removed and ash percentages determined as 
in Experiment 1. 

The data were analysed statistically in the same way as 


in Experiment 1. 


Experiment 3 

In this experiment, 224 day-old male broiler chickens 
(White Mountain I x Hubbard 9) were randomly distributed 
into 14 groups of 16 birds each. Two groups were placed on 
each of the rations fed (Table III.3). The rations were 
formulated to be isocaloric and isonitrogenous and to 
contain equal amounts of total P. Canola meal was used at a 
level of 10% in all diets. The A-CM was prepared as in 
Experiment 1 using a temperature of 121°C for 45 minutes. 

Canola cake was prepared in the laboratory by 
processing Candle rapeseed. The seed was ground in a Waring 


Stainless steel blendor with dry ice to prevent caking. Fat 
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was extracted with a Soxhlet apparatus for a period of 24-36 
hours using hexane as the solvent. Following fat extraction 
the cake was desolventized with a current of air at room 
temperature. Four laboratory prepared canola meals were 
produced by processing the cake in different ways. The 
processing sequences applied were as follows. The cake was 
(i) ground and fat extracted (ii) ground, fat extracted and 
autoclaved (iii) ground, autoclaved and fat extracted (iv) 
autoclaved, ground and fat extracted. Autoclaving was 
carried out at 121°C for 45 minutes. 

The chickens were raised under conditions similar to 
those used in Experiment 1 and records were kept on 
mortality, rate of growth, feed consumption and incidence of 
leg disorders. At the end of 28 days, four chickens from 
each group were killed and their thyroid glands removed and 
weighed. The tibias and toes from the left side of the bird 
were removed and bone ash was determined in the same way as 
in Experiment 1. 

The data were statistically analysed in the same way as 


in Experiment 1. 


Results and Discussion 
Experiment 1 
The results obtained are summarized in Table III.4. 
Mortality was not significantly affected by any of the 
treatments used. The body weights of the broiler chickens 


fed 20%.CM or 207.CM autoclaved at 110°C for 15, 30 or 45 


My OWL cet a, SOS eS Ba el Me ar 


4 eh : rah 7 } body ; OP OG“ : i eg ; i. as Fa i a3) 
Hl fy be Ps nas , a ase? Z ae is os ; . - : " , 
\ 
ag Oia: BACAR WS! Tae “i 
: 
i vs he DOANE pa Pail’ Oh oie 
7 F i : ae 
ca 
oar ie el 
{ ‘ ey a 
< 
‘| 
i het y 


ga nh a ne nile nt 
+e he ee ae vend 

Me Mit sesquti | pea a Yagi A anita es 
u in | 4 7 Oh wield Kr) Poo) pe nie ni a 4 
ia ee é alts, hen ted bu ‘geal se 
Wa RH Es lll aa Ina a oe Dye, hoveer ment vag ' 
oat ed oh aerate | Hs sna We 
, | | rey atu 13h wa 


oe 
Cae oORN Hal a 


my ; 
' a | 
a ‘ 
7 os 
; f 
: 7 5 i 
_ 
' - 
AS 1 
: dat 
vi 7 Rod 
| 7 


7 1? ' : 7 | a al : : 
Paes, OA UST Ty Se) Tepe Hokie a 


We eS. Pena a oe tach eh 
oot? fellead ‘Wie AW mela ke pine, 
Vib var Rhee se 
areas: 
i, 
l ia yi 


34 


ueew 8y} 4O YUOUuUs PueBpUeRIS ,; 

t° III @tqey_ Ut UMOYUS SUOL}LPUOD Hultssadodd , 

(SO°OSd) PUSUSs5HIP AL JUSSI JtUBLS JOU Sue SUua}z}S| SweS SY} YIM SBNLeA UWNLOD , 
siseq uez}ew Aup e UO psesseudx A , 

sitseq ua}}eU Aup ‘aeuy Ye} eG UO PSSSeUudxKW ,; 


v'O Qo te an 4 SORO Et Sb sWAS 

PIT 1S 29° 'P Geel eO Geil} 2PL399 40) (4) Leeuw eloueog-y %O7% 
246° 6k 2G Or Ode rt BEL? gesagt BPpIGPr9 20 (3) Leow eloueds-y %O7~ 
2q6 6 240 Or 24g8 tt ey’ 3 eva} P2vT9 eLs (qd) Lesw eLoued-yv %O7% 
9908 ' 6k 206 OV ot chs Py’ 8s evo tl P2019 BO (9) Leeuw eLroueo-y %O% 
290° OC 2qG0 OV 99° Ot ASS) eG9Q't 2YEO9 BO (da) Leeuw eloued-y %OC 
ges st qG°8e FE Bt q9°6E Gel t BO6Y BE~9 v(V) Leeuw eLoued-V %O? 
eL’ Lt BO rE I9° Lt B88’ st ego} qovs 20 [eew elouey %O7c 
PE CC 29° CP ec Ot £0 PLO} 9889 et LV e LOUZUOD Ue|aqAOS 
(%) (%) +46Lem Apog (%) (uLeB/peeas) (6) (%) 

2USB SOL 1yuse eliqiy 6 OO} /bw) Suepuostip Ba, UOLSUBAUOD) 3UBLeaM Apog Ay tL ePUOW pyUSEW eS] 

@ZLS plouAYyL 4O BdUEepL SUT pea, 


(} }UeWLuedxe) S_[eeW eLOURS paAelooO}Ne pas SUBYIILYS uselLltouq fo SoUeWUOJUed PY III aiqel 


aes | een as 
7 i 
/ | 
~ | i : ) | 
af re Br! : atts Paes = | 
aa - gt = a +; Se 
ore ie gre OL » er vi. “a 
{| Py year 2g aoe 
aes MS Sets eSY Bee a - 
od 3 i yn oe a 
_ aun > > ) 


835 


minutes were significantly lower than those of birds fed the 
SBM control ration. The inclusion of meal autoclaved at 
121°C for 15 minutes also resulted in some decrease in rate 
of growth; however, when the meal was autoclaved at 121°C 
for 30 or 45 minutes, body weights at 4 weeks of age were 
not significantly different from those of the controls. 

The results obtained suggest that the level of 
inorganic P present in the CM rations was insufficient to 
Support normal body growth. Autoclaving the CM at 110°C for 
15 minutes apparently did not improve the availability of 
phytin P but heating at 110°C for 30 or 45 minutes did 
achieve increased body rae perhaps by increased 
hydrolysis of phytin which would then increase the levels of 
inorganic P in the ration. The growth rate observed when a 
temperature of 121°C was used for 30 or 45 minutes suggests 
that the higher temperature of autoclaving was probably more 
effective in increasing the release of inorganic P from 
phytin combination. 

The treatments used in the experiment had little 
influence on efficiency of feed conversion. Only the 
inclusion of 20% A-CM autoclaved at 110°C for 15 minutes 
gave a feed conversion value that was significantly higher 
than that of the controls. Feed conversion values for all 
other treatments were apne dee fo that of thescontrols. 

The incidence of leg disorders in the experiment was 
high and may have been related in part to the levels of 


inorganic P in the rations. Occurrence of leg disorders was 
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Highsinuthergqroups fedweCMror |A-CMiautoclavedtatn110°Cifor 15 
minutes but was greatly reduced when the meal was autoclaved 
aewiLece® DoresOeor 45 manbresmonm ated20°C forv 155.530 lor’ 45 
minutes. The incidence of leg disorders observed in the 
different treatments appeared to be related to the growth 
performance achieved; the higher the rate of growth the 
lower the incidence of leg disorders. 

The inclusion of CM or A-CM in the ration resulted in 
some increase in thyroid size except in the groups fed A-CM 
autoclaved at 121°C for 45 minutes. The reason for the lack 
of enlargement in this treatment as compared to the controls 
is not known but might be due to denaturation of the intact 
glucosinolates in the meal when it was heated at a high 
temperature for an extended period of time. 

The addition of 20% CM to the ration resulted ina 
Significant reduction in levels of ash in the tibias and 
toes of the broilers. When the meal was autoclaved, bone ash 
values increased, with the levels tending to be higher with 
longer time of heating and increased temperature. The level 
of tibia and toe ash in the groups fed CM autoclaved at 
121°C for 45 minutes was almost as high as that found in the 
control group. This suggests that the heat treatment was 
effective in increasing the availability of P for bone 
formation. 

Although the calculated level of inorganic P in the 
rations with 20% CM or A-CM was only 0.22%, it appeared that 


autoclaving was effective in releasing some of the 
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phytin-bound P. This was reflected in the increased body 
weight, reduced incidence of leg disorders and the high 
level of bone ash. It would seem however, that autoclaving 
at a lower temperature of 110°C for 15 minutes was 
insufficient to increase the availability of the 
phytin-bound P. Heating at a higher temperature was 
apparently more effective in increasing P utilization from 


CM. 


Experiment 2 

The results obtained (Table III.5) indicated that there 
waS no Significant effect of treatments on level of 
mortality. A higher rate of mortality was observed in this 
experiment than in Experiment 1. No reason for the increased 
mortality level was evident. 

Body weight was influenced by the treatments used. 
Addition of 20% CM to the ration containing 0.22% inorganic 
P resulted in significant depression in rate of growth as 
compared to the controls. Inclusion of 20% A-CM or-20% SP-CM 
in the diet, however, resulted in 4-week body weights 
Similar to the controls. Heat treatment of CM either by 
autoclaving or by steam pelleting seemed to be of some 
benefit in improving rate of growth when the level in the 
diet was 20%. When the level of inclusion was increased to 
30% with CM, A-CM or SP-CM, body weights of the chickens 
were Significantly lower than the controls. Although the 


rations with 30% CM, A-CM or SP-CM contained the same level 
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of total P in the rations as with a 20% level of addition, 
the calculated inorganic P content was only 0.19% as 
compared to 0.22% because of the high phytin P content of 
CM. When 30% CM was used no additional source of inorganic P 
was added to the ration to achieve a level of 0.58% total P. 
With this low level of inorganic P, heat treatment either by 
autoclaving or steam pelleting apparently did not release 
enough phytin P to promote increased rate of growth. This 
supports the observation of Gillis et al. (1948) who 
reported thatechickens cantutilize phytin ™P\only in the 
presence of a substantial amount of inorganic P. 

The treatments used had no influence on feed conversion 
values. Feed conversion values were higher in this 
experiment than those observed in Experiment 1. 

Incidence of leg disorders was markedly affected by the 
level of CM and inorganic P in the ration. When 20% CM or 
20% A-CM was added in the ration the incidence of leg 
disorders was similar to the controls: however, inclusion of 
30% CM, A-CM or SP-CM in the diet resulted in a significant 
increase in the incidence of leg abnormalities. The combined 
effect of the lower level of inorganic P (0.19%) and a high 
level of CM (30%) in the ration was apparently responsible 
for the increased leg disorders. It has been previously 
noted (Clandinin et al. 1978b) that the use of very high 
levels of rapeseed meals resulted in increased incidence of 
perosis in broiler chickens at 4 and 8 weeks of age while 


Wilgus et al. (1937) Showed the importance of P levels in 
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normal leg formation. 

Thyroid size was affected to some extent by the 
treatments used. The inclusion of 20% or 30% CM in the diet 
of chickens resulted in significantly larger thyroids than 
those of the controls. Heat treatment of CM reduced the 
degree of enlargement; thyroid size of the birds fed A-CM 
waS Similar to that of the controls. A similar increase in 
thyroid size as a result of inclusion of CM was reported by 
Clandinin et al. (1978b). 

Calcification, as measured by the ash content of tibias 
and toes of the chickens was dependent on the ration fed. 
Feeding the chickens a diet with 20% or 30% CM resulted in 
tibia and toe ash values significantly lower than the 
controls. When CM was autoclaved before inclusion in the 
ration at a level of 20%, calcification, as indicated:by 
tibia and toe ash percentages, was improved and was Similar 
to the controls. When 30% A-CM was used a slight increase in 
tibia and toe ash was noted but the levels were 
Significantly lower than the controls. Steam pelleting the 
CM was not effective in increasing tibia or toe ash levels. 
This suggests that calcification is dependent on the level 
offinorgqanier Pein! thesdivet. Thess0%eCMiratiron containing 
0.19% inorganic P provided too little available P to allow 
normal calcification. From these results it would appear 
that autoclaving CM at 121°C for 45 minutes may have been 


effective in releasing some P from organic combination. 
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Experiment 3 

The performance of chickens in experiment 3 are 
summarized in Table III.6. 

The treatments used had no significant effect on 
mortality. Level of mortality was low in all groups 
throughout the experimental period. 

Body weight was influenced by the treatments used. The 
body weights of birds fed rations containing 10% commercial 
CM, either autoclaved or non-autoclaved, were similar to the 
controls; however, the groups fed rations with 10% of 
laboratory prepared meals had body weights significantly 
lower than the controls. Since the level of total and 
inorganic P in the rations containing either commercial or 
laboratory prepared CM were the same, the reduction was not 
relaued?to the) > level saimithemrations. Differences noted 
may have been related to the processing sone whens used in 
preparing commercial meals as compared to those produced in 
the laboratory. Commercially prepared meals are cooked at 
temperatures ranging from approximately 86 to 95°C for an 
average of about 1.2 hours before fat extraction and are 
heated to a temperature of about 71 to 110°C during 
desolventization for approximately 50 minutes. Since 
extraction and desolventizing temperatures used in preparing 
meals in the laboratory were low, it would appear that the 
higher temperatures and longer periods of time used during 
pre-cooking and desolventizing the commercial meals may have 


been responsible for their better quality. 
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The treatments used had no significant effect on feed 
conversion values which ranged from 1.79 to 1.96 for the 
different treatments used. 

Incidence of leg disorders in the experiment was not 
affected by the different treatments used. Chickens fed two 
of the laboratory prepared meals, however, did show a higher 
incidence of leg disorders but they were not significantly 
different from the controls. 

Thyroid size of the birds was influenced to a small 
extent by the presence of CM in the ration. The inclusion of 
commercial CM, A-CM or laboratory prepared CM in the diets 
of the chickens resulted in thyroid glands that were 
Significantly larger than those of the controls. 

Calcification as measured by tibia and toe ash 
percentages was affected by the different processing 
techniques used in the preparation of the meals. The 
commercially prepared CM or the A-CM, when included in the 
rations fed, resulted in tibia and toe ash values similar to 
the controls. When the ration contained laboratory prepared 
meals in which the cake was autoclaved prior to grinding, 
the tibia and toe ash values of the birds were markedly 
reduced. No reason for the reduction in calcification that 
occurred waS apparent. 

Summary 

Three experiments were conducted with broiler chickens 

to study the influence of varying processing conditions of 


CM on P utilization. The following results were obtained: 
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1. The use of A-CM at a level of 20% for broiler chickens 
was of some benefit in improving rate of growth and 
Calcification. 

2. Autoclaving the meal at 121°C for 45 minutes appeared to 
be most effective in increasing P utilization. 

3. Commercial steam pelleting of the meal was not of any 
benefit in improving calcification, although some increase 
in rate of growth occurred when 20% SP-CM was included in 
the ration. 

4, Heat treatment of CM either by autoclaving or steam 
pelleting was of no advantage in improving rate of growth or 
calcification when the meal was included at a level of 30% 
in the diet. 

5. Commercial CM was superior to laboratory prepared meals 


in promoting growth and bone calcification. 
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2.Influence of processing and dietary phosphorus levels on 


the performance of broilers 


Introduction 

The limited utilization’ of P from phytic acid‘or 
phytates in plant material has stimulated researchers to 
determine its availability from various plant sources 
(McGinnis et al. 1944; Waldroup et al. 1965). Generally 30 
to 40% of the total P in plant feedstuffs has been found to 
be utilized (Taylor 1965). This agrees with the NAS-NRC 
(1977) statement that approximately 30% of P in plant 
materials is available to young growing birds. Since the 
availability of P is low, studies have been conducted to try 
to improve it. Among the methods used to increase 
utilization of P from the phytin in vegetable feedstuffs, as 
indicated in A.Section-1, autoclaving has shown some 
benefit. 

Canola meal is a rich source of P containing 
approximately 1.1% of this element; however, 70 to 80% of 
the P occurs as the calcium and magnesium salt of phytic 
acid (Finlayson 1977) and is therefore presumably 
unavailable to poultry. Since CM contains a high level of 
phytin P it would be particularly desirable to maximize the 
biological utilization of this element. Consequently studies 
were undertaken to determine whether increased levels of 


inorganic P in the diet affected the utilization of phytin P 
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in raw or autoclaved CM by growing chickens. 


Materials and Methods 
Experiment 1 

Two hundred and fifty six, day-old (White Mountain x 
Hubbard 9) broiler chickens were sexed and randomized into 
16 groups with 8 male and 8 female chickens in each group. 
Two groups were placed on each of the ration treatments 
shown in Table III.7. The autoclaved CM was prepared by 
spreading the commercial CM on flat trays to a depth of 
approximately 2.5 cm and heating them in an autoclave at 
110°C for 30 minutes. At the end of this time period the 
autoclaved meal (A-CM) was immediately spread out on sheets 
of paper, cooled and air-dried at room temperature. 

The rations were formulated to be isocaloric and 
isonitrogenous and to contain equal amounts of total P but 
varying amounts of inorganic P. Variations in phytin P 
levels were affected by adding 10, 20 or 30% CM. Rations 1 
and 5 which were the same formulation served as the controls 
in the experiment. 

The chickens were raised in electrically heated 
Petersime batteries with raised screen floors. Feed and 
water were supplied ad libitum. Continuous lighting was 
provided. 

Records were kept on mortality, body weight, feed 
consumption and incidence of leg disorders. All birds which 


had bowed legs, swellings at the tibial-metatarsal joint or 
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perosis (slipped tendons) were recorded as suffering from 
leg disorders. 

The experiment was terminated after 28 days. At the end 
of the experiment, four birds from each group were selected 
at random and killed by cervical dislocation. The thyroid 
glands were then removed and their weights recorded. The 
left tibia and the middle toe (between the second and third 
digital bones) of each chicken were also removed. The tibias 
were removed from adhering flesh by placing them in boiling 
water for a few minutes, they were then crushed, fat 
extracted with ether, dried to constant weight at 100°C, 
ashed at 800°C for 1 hour and the percentages of ash 
calculated (AOAC 1980). Four toes from each group were 
pooled together, dried to constant weight at 100°C ashed at 
600°C for 4 hours and their ash content calculated (AOAC 
1980). 

The data were subjected to analysis of variance. 
Percentage data for mortality and leg disorders were 
transformed uSing arcsin transformation (Steel and Torrie 
1980); however, for ease of interpretation, means were 
expressed as percentages. Significance of differences were 
assessed by applying Students-Newman-Keuls' procedure (Steel 


and Torrie 1980) at the 0.05 level of probability. 


Experiment 2 
In this experiment 432 day-old (White Mountain i x 


Hubbard 9) male broiler chickens were randomly distributed 
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into 27 groups of 16 birds each. Three groups were placed on 
each of the ration treatments (Table III.8). A 3 x 3 
factorial design with 3 levels of CM and 3 levels of P was 
used in the experiment. 

The A-CM was prepared as in Experiment 1 but using a 
temperature of 121°C for 45 minutes. The rations were 
formulated to be isocaloric and isonitrogenous. The control 
rations and those with 30% CM or 30% A-CM were formulated to 
contain 0.58, 0.63 and 0.68% total P. The increased levels 
of P were achieved by adding an inorganic P supplement. In 
order to maintain the same level of total P in the control 
ration containing SBM as in those containing 30% CM a higher 
level of inorganic P supplement had to be added to the 
control rations. AS a consequence the levels of inorganic P 
in the control rations were higher than in those containing 
CM. 

The chickens were raised under conditions similar to 
those used in Experiment 1 and records were kept on 
mortality, body weight, feed consumption and incidence of 
leg disorders. At the end of 28 days, four chickens from 
each replicate were killed and their thyroid glands, left 
tibia and middle toe were removed. The thyroid glands were 
weighed immediately and the tibias and toes were analyzed as 
in Experiment 1. 

Data were analyzed using analysis of variance. Sources 
of variation were CM treatments (n=3), level of P (n=3) and 


CM treatment x phosphorus (n=9). Percentage data for 
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mortality and leg disorders were transformed using arcsin 
transformation (Steel and Torrie 1980); however, for ease of 
interpretation, means were expressed as percentages. Means 
for significant sources of variation were compared using the 
Students-Newman-Keuls' procedure (Steel and Torrie 1980) at 


the 0.05 level .of probability. 


Experiment 3 

In this experiment 540 day-old (White Mountain : x 
Hubbard 9) broiler chickens were sexed and randomized into 
27 groups with 10 male and 10 female chickens in each. Three 
groups were placed on each of the ration treatments (Table 
III.9). The A-CM was prepared as in Experiment 1 using a 
temperature of 121°C for 45 minutes. 

The rations were formulated to be isocaloric and 
isonitrogenous and to contain 0.54, 0.58 or 0.68% total P. 
Feed and water were supplied ad libitum. 

The chickens were raised in floor pens 4.49 m x 1.85 m 
in Size. Infrared brooders were used as a source of 
supplemental heat. The birds were given 16 hours of light 
daily. 

Records were kept on mortality, rate of growth, feed 
consumption and incidence of leg disorders. At the end of 28 
days, four chickens from each replicate were killed and 
their thyroid glands were removed and weighed. The tibia and 
middle toe from the left side of the chicken were also 


removed and prepared for ash determinations as in Experiment 
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Data were subjected to analyses of variance to test the 
effect of treatment on the traits measured. Pen means were 
used in the statistical analyses. Treatment sum of squares 
were partitioned into orthogonal and single degree of 
freedom comparisons to identify significant differences 
between level of dietary P, inclusion of CM and influence of 
autoclaving on the different biological traits measured 
(Steel and Torrie 1980). The data for mortality and 
incidence of leg disorders were transformed for statistical 
analysis using arcsin transformation (Steel and Torrie 
1980); however, for ease of interpretation means were 


expressed aS percentages. 


Results and Discussion 
Experiment 1 

The results obtained aré summarized in Table III.10 in 
which results from Rations 1 and 5 are combined. The level 
of CM in the ration affected incidence of mortality that 
occurred. Inclusion of 30% CM or A-CM resulted in a higher 
level of mortality than when lower levels of CM were used. 
Mortality in these treatments was mainly due to rickets that 
occurred after the birds had been on experiment for 2 weeks. 
This suggested that a deficiency of inorganic P may have 
been responsible for the inadequate growth and 
calcification. Mortaliry eines. |) other groupsiwas' low with 


most occurring during the first two weeks of the experiment. 
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Inclusion of 10% or 20% CM in the ration had no 
Significant effect on body weight at 4 weeks of age; 
however, when 30% CM was used, body weight was markedly 
decreased. The addition of 10% or 20% A-CM resulted in 
increased rate of growth as compared to the chickens fed SBM 
control ration, but only in the case of the 20% A-CM was the 
difference significant. The growth response is an indication 
that when CM and SBM are used together there may be some 
complementary effect. When 30% A-CM was used body weight was 
Significantly decreased and was similar to that obtained 
with 30% CM. The reduced growth at the 30% level probably 
was related to the low level of inorganic P in these diets. 

The treatments used had no significant effect on feed 
conversion although the groups fed 10 and 20% A-CM did have 
lower feed conversion values. 

Inclusion) of 10 and 20% °CM or A-CM did not affectthe 
incidence of leg disorders; however, when 30% CM or A-CM was 
included in the ration, incidence of leg disorders was 
extremely high. This suggested that when 30% CM was used 
there was insufficient inorganic P present to allow 
Satisfactory bone formation to occur. 

As the level of CM in the diet was increased, an 
increase in thyroid size in relation to body weight 
occurred. The degree of enlargement, however, was small in 
comparison to the degree of enlargement observed when high 
glucosinolate rapeseed meals were used in broiler rations. 


Marangos et al. (1974) reported reduced enlargement of 


Ca Saat 


ay hah Wee ea bp eS ae) 


it; bi i a iat si " ‘ate i\ he i Ae : ened: m3 \! 


ene, aR age sani a 


gine 
en F : f 
| Wihiad) hae dikes ae, Cau 
q 
iio Ties AL) Te Pay iil 
t j ari! ; 
1 = 
r =) § 
| Kit Mit i By 1 
! e777, 4 é 
; I 1 , tyihit De ae 
, i 2 eS Ls We } i 
i aah ae Be i ik eo 3 a Oe ee ia pe 
Pratt tha) uf | ee. ieee ph 
io 
) i" r ose se 
ape aes 
dee r fa | i curt as ou 
[Beye Lae \ 
i or 2 
ae ead Ai be pigs Ss 
Bi 


i q : 
+ 

; j f i j 

: { i NW zi AAD Oi " 
ote ee Maal Bir y 4 ree) 

' ; = 4 ; ’ Ne Pits .) ‘ 
: : Uy i ve v¢ 

Oa nt ct RS TR Ad ae at ware ib. 


a 


im) ‘ame So a wa weal Pe ite |) ade 
Se Lee sy Daven’ < raw ie) wh 


dy 1 omy wer rip BEN igen: 4. Ame: ey 
4] _ ' Fi ‘ 


eayiaat DOL SHS Vises vou eee . J elk 


» 


ie bilan kp gy Bes aan : 


5} : i aay 7 ; 
mot i i f a ne 


; Dn we _ ue 
7 | - | s we me _ 


lad i a , { : 


56 


thyroid glands in broiler chickens as a result of feeding 
rations containing rapeseed meals with low oxazolidinethione 
content. 

The ash content of the tibias and toes was not affected 
by the addition fofileither. 10% CM rom 110% <A-CM sto othe eration. 
This suggests that the levels of total and inorganic P in 
these rations were sufficiently high to allow normal 
calcification of bone. Addition of 20 and 30% CM to the 
ration resulted in significant successive decreases in bone 
ash as the level of CM was increased. When 20% A-CM was 
included in the ration, tibia and toe ash values were 
Significantly higher than those in the groups fed 20% CM. 
This confirms the results in A.Section-1 that autoclaving 
may have increased the availability of the phytin P in the 
meal. ee ed agrees with the observation of others that 
autoclaving feed ingredients resulted in more of the phytin 
P being made available for bone ash purposes (Singsen, 1948; 
O'Dell 1962; Lease 1966; Summers et al. 1967). Nelson (1967) 
in a review on P utilization stated that percentage bone ash 
was one of the most sensSitive practical criteria for 
evaluating the availability of dietary P and was little 
affected by other variables that influence growth. The 
results of this study indicate that 0.25% inorganic P 
Supplied in Ration 2 was adequate for normal calcification 
of the bones. 

When 30% A-CM was used, the bone ash values were 


Similar to those of the groups fed 30% CM. The decreased 
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calcification that occurred when 30% CM or 30% A-CM was used 
may have been due to the high levels of phytin P and the low 
Hevels of InorganiceP in these rations. Gillis et al. (1948) 
reported that the chicken can undoubtedly utilize phytin P 
to a limited extent only in the presence of a substantial 


amount of the more available P. 


Experiment 2 

The results obtained are summarized in Table III.11. 
Mean values for the CM treatments, the varying levels of 
total P and treatment x phosphorus interaction (average of 3 
replicates) are included for each of the traits measured. 

Level of mortality in the experiment was low and was 
not influenced by any of the treatments used. 

The inclusion in the ration of either 30% CM or 30% 
A-CM resulted in significant decreases in body weight as 
compared to chicks fed the control ration containing SBM. 
This decrease waS Similar to that observed in Experiment 1. 
The level of total P in the ration also affected rate of 
gain. The body weight of chickens fed rations containing 
0.58% total P was significantly lower than that of chickens 
fed 0.63 or 0.68% total P. It was evident that the chickens 
fed 30% CM or 30% A-CM with the lowest level of inorganic P 
(0.19%) had the lowest body weight. When the level of 
inorganic P in the ration was raised to 0.24 and 0.29%, body 
weights of chicks were similar to those of chicks fed the 


SBM control rations. From these results it appeared that the 


' Penn ay 7 My 
a ee | I | 
at . ae iat a : 
; ‘ ay a ney Any 
| ps ‘ ‘ie 
Tate 
’ : % a 5 er } ‘ 
] Dance 
a nun if 
¥ masig? 1 i ee Wa A Lae ee RY es cu 
mh POL. SP eal | ay fied da Sui 
Pe ms ny hi) 
} vay, if ra y 
i hav A Up ie Ay, ey 
, ' } A Owe, aa oe PS if V4 3) i, 
ae yi aha a oe ao i hy Nb 4 pe: m Mh 
Nake a ne eps 
a aki i oo ty ier cant 
; } 4 i y's i ; 
KO vic: aye a RNs Tok: 


vil 
{ 


i (Ubi asia boy . cee od be ate ae 
it a Pee as et, et a oe i geet ay 
omy Wes ae 


{ a 
' ) a ® 
; ‘ ni] i uh 
~~ =f 
ie el) 
wie : 
Palen s } j 
Leona. i rey 
ene ‘ ; 
} 1 / 
i 
j | , a 
mt a Gy agar 
i 4 a, 
dBA) 
‘a 


\ We ‘ ; Pac i mi 
ay ph: Mp ey ait ‘Oe sae ; * ae te 


aan its r ait i 


“ F ; y | 
by; i ms) hi Y | ? 
h | | A i : j au 1 ‘| s AS, 9 Va - 4 i fy i 
¥ j Pee a i 
| vou 


© nee the tt Prieta 34 ee abt vat ig ‘i hears 


J 
¥ 
a 


2 
7 
= 
S 
ae 
ps 
. 
see 
= 


Us, (Peet hee ay Bey rae i ePeealy 8 
ae io aw | i.) ete he ‘s/n 
7 bi + ee ew &: war Y 4 La : D eu) jy ie oe! e@ ov » 4 1 ‘ Sais He 


1 Stily Wwe i as ras) vas ae \ iG a! ~ Th er wer 


el NO ae ata: by Able tee see ot 
= ene OOS F tive | bE. 0a Pre,» hia, 


cag: ba’ psete>--oe | evel OF iat cil eae 


ty 
? J) 
. 


Sadt hacen ee Smuand inaah py bi si 


a0 i ar Lag, | La ee 
: if - Pete oy P ie i 


58 


(SO'OSd) }FUBDIYyLUBIS , 

(GO°OSd) }yUBOLZLUBLS UON , 

d StueGBuo0ut pazyerno_leds so [anet eyeoipul seseyz,Usued ULYyLM SuSsquNN , 

uesewW 84} 4O YOUUS PuepURIS , 

(SO'O5d) JUS4esstP Aj}JUBOLyLUBLS YOU Bue sUuWNLODS ULULEM S48}}S8_| Sswes 94} Hulney yO0,[q e ULUYLM SUeSW ; 
sitseq ua}yzew Aup e uo pessseudyxy , 

stseq uwa}zzeW Aup ‘aduy PeJY eG UO PAaSsSeudxA , 


x su su ee su su su {Sade 

Ssnuoyudsoud xX }USsW}yeeUuUL WD 
xk ¥ * * su * su LeA8, Snuoudsoud 
* * * * su Lok 9 Su JUSWUzeSU! WO 


asouedi yx tubis 


ee eee ee ee ee 


Se) Sie a 6°0O [LAS GO°O O% Gc WAS 
qG°O0¢ It PL geo et 20 ENS lae Id8CL PO C6GEO) SSO 
GL’ stk 9[0G' IY QL’ vl BO PES tL IQ9EL PL‘? (ve'O) €9°0O 
er ct BG’ 9E q6°St qo Ge ERS ha! PILLS Pv '8 (64°0) 85°O WO-v %0Ee 
qL°6t SL EP Ges’ cl HE, ecs t IdOLL PCY (6c°O) 89°0O 
qo st IqL IY qe Gtk 20 eG8't IGLEL PCD (vpe°O) €9°0 
Bs’ Gt 26 9E GG’ 9k qo vk ESL | qeg99 eG (64°00) 8G°O WD ZOE 
dp OC [6 Er er ol 20 eye. fh 2t08 BiEeG (LE°O) 89°O 
OM OXG, YE OY BLO 20 BGs} OBLL PED (4s ©) Ee 
9p OC IL’ GP PL’6 20) P6L I IGLGL 2BO aIULke ©) REPO ueeqAos 
f LeAB_ Snuoydsoud x JUSW}esUuUL WO 
vO 6-0 G°O ("6 E0°O Ch vol W4S 
ICLOG GL EP EO rome) EASY oS qtGL PLS 89°0 
qi 6k qc EV qey et EO Pps tL QLVL BG’E €9°O 
PE Lt PL’ 6E GO’ rt Qc et PLL | BE8SL9S BPC LY 8S °O 
; LeAeB_L Snuoudsoud 
vO 6°0 G°O GX €0°O GL iv {ih vWAS 
EE 8 PL OP qo pk CRBS PSl Lt BCb69 BG’E WO-V %OE 
es Lt 29° OV q8 Vth q9a°G BCs} BGOL a WD ZOE 
qG° OC qe€ Gp POOL 40) POs t G6LL Sac e LOUZUOD UBPEqAODS 
yUusaWzeeu] WO 
ae ee ae ee 
(%) (%) (74U6tLem Apog (%) (ULeB/pesy) (6) (%) 
24uSe Bo] ruse eLiaqiy 6 0O| /Bw) Suapuosip 6a, UOLSUSAUOD YUBLaM Apog A} i Le PUOW 


O@ZtLS plLouAYUL 40 BdUepLoUT pes, 


LS ea a acc emacs eee pecans ET A A FS IE ER ES SER = SI ED 


a ee Se ee ee ee ee 


(@ }USeWiuedxSs) SUByYOLYO uaLtouq jo SsdUeWUOJUSd Buz 
UO [BAB Snuoydsoyud x }UsW}zee4uz [eeW e,OUeD pUue |LeAS_| SnuoUdsoud “ZUSW}eeU, [BOW BLOURD 4O }YOSJJS uO} SUBSW LL °TII etqe, 


og 


minimum requirement for inorganic P for broiler chickens up 
to 4 weeks of age was approximately 0.24%. This is in close 
agreement with the results of Temperton and Cassidy (1963b) 
who reported that a level of 0.23% non-phytin P in the 
rations for growing birds was adequate for normal growth. In 
this experiment autoclaving CM failed to give any 
improvement in body weight over the CM when included in the 
ration at the 30% level. 

Feed conversion in all groups was similar. There were 
no significant differences attributable to CM treatment or 
to P levels in the rations. 

No leg disorders were noted in the groups fed the 
control ration, but a significantly higher incidence was 
observed in the groups receiving either 30% CM or 30% A-CM. 
Examination of the data indicated that the level of P in the 
ration had a marked effect on occurrence of leg disorders. 
Practically all of the leg deformities that were recorded 
occurred in the groups fed the lowest level of total P; the 
incidence of leg disorders was highest in the groups 
receiving 0.58% P and was significantly different from those 
of chickens fed 0.63 and 0.68% P. Although the main effects 
produced significant changes in the incidence of leg 
disorders, Significant interaction effects were also noted. 
This may indicate that appearance of leg disorders was 
influenced by the inclusion of CM as well as P level in the 
diet. None of the birds fed SBM showed leg disorders even at 


the lowest level of total P. The birds fed 30% CM or 30% 
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A-CM containing 0.19% inorganic P had a very high incidence 
of leg disorders which was significantly different from all 
otherstreatments* Addition+of 0.05 or.0.40%<ainerganic® P to 
these rations was effective in preventing leg disorders. 
This indicated that a level of 0.19% inorganic P ina 
broiler ration was insufficient for normal bone development. 

Chickens fed a ration containing CM or A-CM showed 
enlarged thyroid glands resulting in thyroid to body weight 
ratios that were significantly higher than those fed the SBM 
eontroltration:. The, thyroid to body weight) ratios) were 
Slightly higher in the groups fed 0.58% P than in those 
receiving 0.63 or 0.68% P level. This may have been a 
reflection of the lower body weights in the groups fed 0.58% 
P and probably was not related to the level of P in the 
diet. 

The degree of calcification as indicated by tibia and 
toe ash values was lower in chicks fed rations containing 
30% CM or A-CM aS compared to that of chicks fed control 
rations. Average tibia and toe ash values were significantly 
higher in the control group than in the groups fed CM or 
A-CM. 

The level of P in the rations fed influenced 
calcification. Higher levels of ash were found in tibias and 
toes of birds fed 0.63 and 0.68% P. With increasing levels 
of added inorganic P, corresponding increases in bone ash 
values were reported by Bayley et al. (1968b) and Summers et 


al. (1968). Although the main effects resulted in 
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Significant changes in bone ash values, there was a 
Significant interaction in the case of the toe ash. This 
suggests that toe ash values may not be as sensitive to 
changing dietary P levels as tibia ash values. 

In all cases the SBM controls showed the best 
calcification as indicated by the tibia and toe ash 
percentages. However, addition of inorganic P (0.05 or 
0.10%) to the CM or A-CM ration did increase calcification. 
Bone ash values in these groups were similar to the 


CONnELO. Ss. 


Experiment 3 

The results of the experiment are summarized in Table 
III.12. The mean square value of the performance data for 
the 9 treatments and the 8 different comparisons are given 
im Table Ili... 

The level of mortality that occurred in the experiment 
was not affected by the levels of total P in the rations fed 
but was related to the levels of inorganic P. When no CM was 
included in the rations, with P levels ranging from 0.54 to 
0.68%, no difference in mortality was observed; however, 
when the same level of total P was maintained but the level 
of inorganic P was reduced by the addition of CM a marked 
increase in mortality occurred. This was seen when 20% CM 
was added to a ration with 0.54% total P or when 30% CM was 
included in a ration with 0.58% total P. Since the levels of 


inorganic P in these diets were 0.18 and 0.19% respectively, 
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this indicated that a level of 0.19% inorganic P in the 
ration was not adequate. When the main effects were 
partitioned (Table III.13) significant increases in 
mortality were seen only when 20% CM was included in the 
babronmwith! 0 s58%etotalre, 

Rate of growth was influenced by the level of inorganic 
P in the diet. When no CM was added to the diet, rate of 
growth was similar with dietary levels of 0.54, 0.58 or 
0.68% total P. The corresponding levels of inorganic P in 
the rations were 0.24, 0.28 or 0.38%. When total P was 
maintained constant the level of inorganic P was reduced 
when CM was included in the ration because of the increased 
levels of organic P supplied. Thus the addition of 20% CM in 
a diet containing 0.54% total P and the addition of 30% cM 
to a diet with 0.58% total P resulted in a decrease in 
inorganic P and significant decreases in rate of growth as 
compared to chickens fed control rations containing 0.54 or 
0.58% total P. It would appear that the low levels of 
inorganic P (0.18%:in thes 20% CM» ration and70.19% in the 30% 
CM ration) were insufficient to maintain optimum rate of 
growth. When 20% CM was used in a ration containing a level 
of 0.58% total P (0.22% inorganic P) growth was similar to 
the controls. The use of autoclaved CM resulted in a small 
increase in rate of growth in each treatment but only when 
30% A-CM was added to the diet containing 0.58% total P was 


the increase significant. 
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Feed conversion values were not affected by the levels 
of total P or inclusion of CM in the rations fed except in 
the groups fed 20% CM or 20% A-CM in the ration containing 
0.54% total P and 30% CM and 30% A-CM in the rations 
containing 0.58% total P. In these groups a significant 
depression in feed conversion as compared to the controls 
was noted even though the A-CM gave significantly better 
feed conversion than CM with rations containing 0.54% total 
Be 

The incidence of leg disorders was closely related to 
the levels of inorganic P in the diet. When CM was added at 
either 20% or 30% level and the level of inorganic P was 
reduced, incidence of leg disorders was high. When A-CM was 
included at the 20% level incidence of leg disorders was 
markedly reduced; however, inclusion of 30% A-CM did not 
result in a reduction in the number of birds with leg 
disorders. 

Thyroid enlargement occurred in all groups fed CM. The 
magnitude of enlargement was directly related to the level 
of CM or A-CM used. The size of the thyroids of the birds 
fed A-CM was Similar to those of the birds fed CM. 

Calcification was influenced by the level of inorganic 
P in the rations. This was evident in photographs of tibias 
from birds on the different treatments (Appendix 1). When 
the ration contained no CM the highest level of total P 
(0.68%) had the highest tibia and toe ash percentages. These 


were Significantly higher than the bone ash values obtained 
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when 0.58% total P was included in the ration. Addition of 
CM to the ration resulted in significantly lower bone ash 
values, because of the lower inorganic P levels in the 
rations. When CM was autoclaved the birds fed 20% A-CM in a 
ration containing 0.58% total P had bone ash values 
Significantly higher than the values obtained when 20% CM 
was fed. This suggests that there may be some release of 
inorganic P from the organically-bound P in the meal during 
autoclaving. Similar results were obtained in Experiments 1 


and 2. 


Summary 

Three experiments were conducted with broiler chickens 
to determine the eee inorganic P levels required in 
rations containing raw and autoclaved CM. The following 
results were obtained: 
1. A minimum dietary level of 0.24% or 0.25% inorganic P was 
required for normal growth and calcification. 
2. When the level of inorganic P was reduced to 0.18 or 
0.19% in diets containing 20 or 30% CM with 0.54 or 0.58% 
total P respectively, growth rate and calcification were 
reduced. 
3. Inclusion of 20% A-CM in diets resulted in improved rate 
of growth and calcification as compared to the inclusion of 
2Z027CM in diets containing (582 total P (0.22% inorganic 
P)., When 30% CM or A-CM was included in diets containing 


6.59% total Pe (OM 9vinorganic)@arowth rate and 
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calcification were reduced. 

4, Addition of 0.05 or 0.10% inorganic P to rations 
containing 30% CM or 30% A-CM to raise the inorganic P level 
to 0.24% or 0.29% respectively, resulted in growth rate and 
calcification similar to those observed with chickens fed 


SEM control ‘rations: 
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B. SECTION: Effects of dietary fibre and inorganic 


phosphorus levels on the performance of broiler chickens 


Introduction 

The chicken does not have the ability to utilize 
dietary fibre as a source of energy; consequently in 
formulating poultry diets it is usual practise to keep the 
level of fibre low. When a feedstuff such as CM is added to 
the ration there is an increase in the level of fibre in the 
diet as well as an increase in its phytin P content. A high 
level of fibre in the diet is of some concern because it has 
been shown in some instances to interfere with the 
utilization of minerals. Nwokolo and Bragg (1977) reported a 
Significant negative correlation between the crude fibre 
content of various oilseed meals and the availabilty of P; a 
large reduction in the availability of P in rapeseed meal 
which is higher in fibre content than in SBM was observed. A 
reduction in the availability of minerals may be brought 
about by binding of the minerals to the fibre matrix 
(Ismail-Beigi et al. 1977) or by binding to phytic acid 
(Nelson et al. 1968). 

Since there appears to be some relationship between 
fibre content of the diet and the availability of P, 
experiments were conducted to study i) the influence of 
added fibre or fibre supplied by CM on P availability in 
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inorganic P required in diets containing CM for broiler 


chickens. 


Materials and Methods 
Experiment 1 

In this experiment 270 day-old (White Mountain x 
Hubbard 9) male broiler chickens were distributed at random 
into 18 groups of 15 birds each. Three groups were placed on 
each of the experimental rations (Table III.14). All rations 
were formulated to be isocaloric and isonitrogenous and to 
contain equal amounts of total P. The fibre levels in the 
rations of 2.82, 4.56 and 5.43% were attained by adding 
alphafloc, a non-nutritive cellulose, or by the addition of 
20 or 30% CM. The chickens were raised in electrically 
heated Petersime batteries with raised screen floors. Feed 
and water were supplied ad libitum. Continuous lighting was 
provided. 

Records were kept on mortality, body weight, feed 
consumption and incidence of leg disorders. All birds which 
had bowed legs, swellings at the tibial-metatarsal joint or 
perosis (slipped tendons) were recorded as suffering from 
leg disorders. 

The experiment was terminated after 28 days. At the end 
of the experiment, four birds from each group were selected 
at random and killed by cervical dislocation. The thyroid 
glands were then removed and their weights recorded. The 


left tibia and the middle toe (between the second and third 
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digital bones) of each chicken were also removed. The tibias 
were removed from adhering flesh by placing them in boiling 
water for a few minutes, they were then fat extracted with 
ether for 24 hours, dried to constant weight at 100°C ashed 
aves0G°C rior 71 hour and the percentages of ash calculated 
(AOAC 1980). Four toes from each group were pooled together, 
dried to constant weight at 100°C, ashed at 600°C for 4 
hours and ash percentages calculated (AOAC 1980). 

The data were subjected to analysis of variance. 
Percentage data for mortality and leg disorders were 
transformed uSing arcsSin transformation (Steel and Torrie 
1980); however, for ease of interpretation, neon were 
expressed as percentages. Significance of difference was 
assessed by applying Students-Newman-Keuls' procedure (Steel 


and Torrie. .1980)8 at thep@.05 level tof probability. 


Experiment 2 

In this experiment 384 day-old male broiler chickens 
(White Mountain b x Hubbard Q) were randomized into 24 
groups with 16 birds in each. Three groups were assigned to 
each of the ration treatments (Table III.15). The rations 
were formulated with either 0 or 20% CM and designed to be 
isocaloric and isonitrogenous and to contain levels of total 
Piranging frome0604toO 0. /G6u bevels of inorganic). P inthe 
rations varied from 0.24 to 0.40%. The influence of varying 
fibre levels on performance was assessed by adding alphafloc 


to two diets (Rations 2 and 4) to bring the level up to that 
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present in the diets containing 20% CM. 

The chickens were raised under conditions similar to 
those used in Experiment 1 and records were kept on 
mortality, body weight, feed consumption and incidence of 
leg disorders. At the end of 28 days, four chickens from 
each replicate were killed and their thyroid glands, left 
tibia and middle toe were removed. The thyroid glands were 
weighed immediately and the tibias and toes were analyzed as 
in Experiment 1. 


The data were statistically analyzed as in Experiment 


Results and Discussion 
Experiment 1 

The results obtained are summarized in Table III.16. 
Mortality was not affected significantly by any of the 
treatments although the ration containing 30% CM did show a 
higher level of mortality. 

Body weight was not affected when the level of fibre in 
the diet was increased by the addition of alphafloc. There 
were no significant differences among the groups fed rations 
Withe2.02) 4456 and o.43%.fubre,. The vinelusrony one, 20 4).CM 
either with or without additional alphafloc resulted in some 
reduction in body weight as compared to the controls but the 
differences were not significant. Inclusion of 30% CM to the 
ration however, did result in a significant reduction in 


growth rate aS compared to the controls and the other 
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treatments. Since the level of fibre in the ration was the 
Same as when alphafloc was added to the control ration or to 
the ration containing 20% CM it does not appear that a 
higher fibre level per se exerted a growth depressing 
effect. It is possible however, that the type of fibre found 
in the CM was different from the alphafloc used as a 
substitute for fibre and thus may act differently. Thompson 
and Weber (1981) studied the effect of dietary fibre sources 
on chickens and found that some fibre sources were 
beneficial to growth of chickens while others were not. This 
was confirmed by Camrie and Clydesdale (1981) in studies in 
vitro in which variations in processing conditions were 
found to affect reactions of different fibre sources. 

Feed conversion was not affected by the dietary fibre 
level. Even the highest levels of dietary fibre gave feed 
conversion similar to the control. This would indicate that 
the adjustments in level of added fat to keep the rations 
isocaloric were satisfactory. 

Leg problems seemed to be associated with the inclusion 
of CM rather than the fibre level in the diet. All groups 
fed rations containing CM showed some increase in incidence 
of leg disorders; however, only the groups fed rations 
containing 30% CM had a significantly higher incidence of 
leg disorders than the controls. This was probably due to 
lower levels of inorganic P in the diet. 

Thyroid size did not appear to be influenced by the 


level of fibre in the diet but was affected by the inclusion 
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of CM. The groups fed the control ration or those with 
alphafloc but no CM showed no increase in thyroid size. The 
thyroids of the chickens fed rations containing 20% CM or 
30% CM were enlarged with the maximum enlargement occurring 
in the groups fed 30% CM. 

Calcification was not influenced by the level of fibre 
in the diet. The rations containing no CM but with 2.82, 
4.56 or 5.43% fibre had similar levels of bone ash. 
Calcification, however, was affected by the addition of CM 
in the diet. With the exception of the groups fed 20% CM 
with no added fibre the bone ash values of the groups fed 
rations containing CM were significantly lower than the 
controls. The groups fed 20% CM with or without added fibre 
showed significantly higher tibia and toe ash values than 
those of chickens fed the ration containing 30% CM. From 
these results it is apparent that the decreased level of 
inorganic P in the ration containing 30% CM was responsible 


for the: reduced calcification that occurred. 


Experiment 2 

The results of the experiment are summarized in Table 
bila lie 

Mortality was low throughout the experimental period 
and was not influenced by any of the treatments. 

Rate of growth was similar in all groups. A minimum 
level of 0.60% total P and 0.24% inorganic P supplied in a 


ration containing 20% CM appeared to be adequate for normal 
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growth. Higher levels of total P (0.66 to 0.76%) or 
increased levels of inorganic P (0.30 to 0.40%) in the other 
treatments did not result in any further increase in rate of 
gain. 

Feed conversion was not affected by the treatments 
used. There were no significant differences in the feed 
conversion ratios in any of the groups. 

Incidence of leg disorders was not significantly 
affected by any of the treatments although the birds fed 
rations with 0.24% inorganic P showed a higher incidence of 
leg disorders as compared to the other birds. This suggested 
that the level of inorganic P supplied in this ration may 
have been borderline for normal bone formation. 

Enlargement of the thyroid glands was related to the 
presence of CM in the diet. All chickens fed diets 
containing CM had thyroid glands which were significantly 
larger than those fed rations without CM. 

Calcification of the tibias and toes was influenced by 
the level of inorganic P in the diet. A level of 0.24% 
inorganic P in the diet resulted in significantly lower 
tibia and toe ash values than when higher levels of 
inorganic P were used. This indicated that 0.24% inorganic P 
was too low for normal calcification. A level of 0.30% 
inorganic P supplied in diets containing SBM, with or 
without added fibre, or in the diet containing 20% CM gave 
tibia and toe ash values that were similar to each other but 


higher than when 0.24% inorganic P was used. When the level 
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of inorganic P wasS increased to 0.34% in a diet containing 
20% CM tibia ash values were higher than when 0.30% 
inorganic P was present and similar to those observed when 
0.40% inorganic P was supplied in rations containing SBM, 
with or without added fibre. The highest tibia ash values 
were found in the treatments which received the rations 
eontaining 20% CM wtth a total“P content of 0.76%. Since 
this ration (Ration 8) contained the same level of fibre and 
inorganic P as Ration 4 it would appear that the fibre 
content did not interfere with P utilization. 

The influence of treatment on levels of toe ash were 
less than that observed with tibia ash values. Only the 
groups fed Ration 5 containing 0.24% inorganic P had toe ash 
values that were significantly lower than those in all other 
treatments. It therefore appeared that toe ash values were 
not aS sensitive to changes in dietary levels of total and 


inorganic P as tibia ash values. 


Summary 

Two experiments were conducted with broiler chickens to 
study the influence of added fibre or fibre supplied by CM, 
and the levels of total and inorganic P required in diets 
containing CM. The following results were obtained: 
1. Increasing the dietary fibre level of a ration by adding 
CM had no influence on body weight or calcification. 
2. When 30% CM was added to diets in which the total P 


content of 0.60% was maintained constant, the reduction in 
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inorganic P content that occurred was apparently responsible 
for depressed growth rate and reduced bone ash values. 

3. A dietary level of 0.60% total P and 0.24% inorganic P 
was adequate for normal growth of the bird but a level of 
0.66% total P and 0.30% inorganic P was required for optimum 


calcification. 
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C. SECTION: Utilization of dietary phosphorus by turkey 


poults 


Introduction 

The requirement for P by turkey poults is higher than 
that of broiler chickens. The publication "Nutrient 
Requirements of Poultry" (NAS-NRC 1977) lists a requirement 
of 0.80% total P for starting turkeys (0 to 8 weeks) as 
compared to 0.70% for broiler chicken (0 to 8 weeks). 

The ability of poults to utilize phytin P is limited 
enacen et al. 1950: Gillis et al. 1957). Several 
researchers have therefore reported P requirements in terms 
of available P rather than total P. Almquist (1954) 
concluded that the available P requirement of the young 
poult is approximately 0.60%. Sullivan (1966) reported 
adequate growth and normal calcification in turkey poults (4 
weeks) when corn-soy diets containing 0.48% available P were 
fed. 

Canola meal, which contains a high level of P when 
included in turkey rations increases the total P levels in 
the diets as compared to rations containing SBM. The extent 
to which the phytin P in the CM is utilized by growing 
turkeys is not known. Consequently an experiment was 
conducted to determine the level of inorganic (available) P 


required in rations for turkey poults containing CM. 
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Materials and Methods 

Two hundred and fifty six, day-old Broad-Breasted White 
turkeys were randomly distributed into 16 groups. Two groups 
were placed on each of the experimental rations (Table 
III.18). The rations were formulated to be isocaloric and 
isonitrogenous and to contain varying levels of total P. The 
different levels of total P were achieved by the addition of 
he toon 20% CM and 0.70 of) 1210% of an rnorganive=P 
Supplement (Biofos). 

The turkeys were raised in electrically heated 
Petersime batteries with raised screen floors. Feed and 
water were supplied ad libitum. Continuous lighting was 
provided. 

Records were kept on mortality, body weight, feed 
consumption and incidence of leg disorders. All birds which 
showed evidence of perosis (slipped tendons) or other 
abnormalities such as bowed legs, hock disorders or 
enlargement of the tibial-metatarsal joint were recorded as 
suffering from leg disorders. 

The experiment was terminated after 28 days. At the end 
of the experiment three birds from each group were selected 
at random and killed by cervical dislocation. The thyroid 
glands were then removed and their weights recorded. The 
tibia and middle toe (between the second and third digital 
bones) from the left side of each poult were also removed. 
The tibias and toes were cleaned, dried and ashed in the 


Same way as in the previous experiments with broilers 
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(A.Section-1). Three toes from each treatment were used in 
the pooled samples. 

The data were analyzed statistically using the same 
procedure aS in previous experiments described in 


A.Section-1. 


Results and Discussion 

The results obtained are summarized in Table III.19. 

Mortality was low throughout the experimental period 
and was not affected by any of the treatments used. 

Rate of growth was not significantly affected by any of 
the rations used. Although an increased rate of growth was 
observed in the groups fed rations containing the highest 
level of total P (0.91%) and inorganic P (0.54%) all other 
groups had similar body weights. 

There were no Significant differences in feed 
conversion in the different treatments. Feed-gain ratios 
ranged from 1.60 to 1.68 on the different rations. 

Incidence of leg disorders was not significantly 
affected by any of the ration treatments. However, leg 
abnormalities were observed only in the four treatments with 
highest levels of inorganic P (Rations 1-4). This suggests 
that care should be taken to avoid too high a level of 
inorganic P in diet formulations since high levels may 
possibly be detrimental to the normal leg development of the 


bird. 
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Thyroid size was not influenced by the presence of CM 
in the diet. The birds fed rations containing CM showed very 
little thyroid gland enlargement as compared to those fed 
the SBM control ration. No significant differences were 
noted among the treatments. From this experiment it would 
appear that the turkey poult is not as sensitive as the 
broiler chicken to the presence of low levels of 
glucosinolates in CM, 

Calcification as indicated by bone ash values was 
Significantly influenced by the level of total and inorganic 
P in the diet. Significantly higher tibia ash values were 
seen in all groups fed the rations containing the higher 
levels of inorganic P (Rations 1-4) as compared to those fed 
rations containing the lower levels of inorganic P (Rations 
5-8). This showed that the level of inorganic P in the diet 
directly affects the percentage of ash in the bones. Wilcox 
et al. (1955) noted an increase in tibia ash levels with 
increasing levels of added P. Although lower levels of 0.32 
to 0.34% inorganic P in the diet did produce reduced ash 
percentages as compared to the higher inorganic P levels of 
0.52 to 0.55%, the levels of bone ash still appeared to be 
sufficiently high to be considered optimum for normal bone 
formation. 

When the level of inorganic P in the diet was low, the 
degree of calcification was affected by the level of total P 
supplied. There was a significant increase in tibia ash 


level when total P was increased from 0.63% (Ration 5) to 
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0.67% (Ration 6) by the addition of 10% CM. Increasing the 
Revels to 0.70% 0r¥0.fe7ecotal Pin vthe ration by adding 15 
or 20% CM (Rations 7 and 8) did not result in a significant 
increase in tibia ash above that obtained with 0.67% total 
Pe 

As was the case with broilers (A.Section-2) toe ash 
values did not seem to be as sensitive to changes in dietary 
levels of total or inorganic P as tibia ash values. Although 
all groups fed rations containing the higher levels of 
inorganic P had higher toe ash percentages than those fed 
rations with a lower level of inorganic P, differences only 
reached significance in groups receiving 0.88% and 0.94% 


total P (Rations 2 and 4). 


Summary 

An experiment was conducted to determine the level of 
inorganic and total P required by starting turkey poults fed 
with rations containing CM. The following results were 
obtained: 
1, A dietary P level of 0.63% total P (0.31% inorganic) P) 
was adequate for normal growth but P levels of 0.67 Om Ot om 
(0.32 or 0.33% inorganic P) were required for normal bone 
calcification. 
2. The use of total P levels of 0.84 to 0.94% (0.53 to 0.54% 
inorganic P) resulted in increased bone ash values but 
incidence of leg disorders was increased in comparison to 


poults fed the diets containing 0.67 to 0.73% total P. 
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D. SECTION: Utilization of dietary phosphorus by laying hens 


1. Influence of phosphorus levels in rations containing 


canola meal on performance of hens kept in floor pens 


Introduction 

The presence of high levels of organic P compounds in 
plant products has prompted many researchers to study the 
extent to which these compounds (phytin) can be utilized by 
laying hens. Gillis et al. (1953) indicated that laying hens 
utilized phytin P one-half as effectively as an inorganic P 
source. Waldroup et al.(1967), however, showed that organic 
plant P did not support egg production or hatchability but 
aided in preventing embryonic rickets. 

Several studies have been conducted to determine the P 
requirement of the laying hen. Early reports Norris et al. 
(1934) and Miller and Bearse (1934) recorded optimum egg 
production at P levels of 0.75% and 0.80% respectively. 
Later studies, O'Rourke et al. (1955) and Pepper et al. 
(1959) observed that normal egg production could be 
maintained at lower levels of 0.43% and 0.38% total P 
respectively. These workers also concluded that the P 
derived from an "all vegetable" ration was sufficient for 
adequate egg production. On the basis of these studies and 


others (Singsen et al. 1962; Crowley et al. 1963; Salman et 
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al. 1969) a requirement of 0.60% total P was indicated 
(NAS-NRC 1971). This was based on the assumption that 30% of 
the P of plant products was inorganic and may be considered 
to be part of the available P required. In a later 
publication (NAS-NRC 1977) the requirement was reduced to 
0.50% total P. The reduction was based on the evidence that 
"the older bird has the ability to use most, if not all, of 
the phytin or organic phosphorus in plant products ". This 
was supported by the reports of Pepper et al. (1959) and 
Salman et al. (1969) who studied the availability of plant P 
in rations for laying hens. It was concluded that P derived 
from plant products alone, without supplementation of 
inorganic P, was adequate to meet the P requirements of the 
laying hen. 

Although the laying hen may have the ability to use 
most of the phytin P in plant products, there is no 
information available on the availability of P from CM. 
Canola meal is a rich source of P containing approximately 
1.1% of this element. This compares to a level of 
approximately 0.65% in SBM. There is some question as to the 
comparative availability of P in CM and SBM. In studies with 
growing birds, Nwokolo et al. (1976) reported that the P in 
CM was less available than that in SBM. Consequently it 
seemed desirable that information be obtained on the 
utilization of P from CM by the laying hen. The experiment 
reported herein was designed to study the utilization of P 


by laying hens fed rations of varying P content in which the 
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increased levels of P were supplied by the use of increased 
levels of CM or by the inclusion of an inorganic P 


supplement. 


Materials and Methods 

Five hundred and sixty Shaver Starcross pullets, 22 
weeks of age, were divided into 16 comparable groups of 35 
birds each. The birds were kept in floor pens (1.8 m x 4.8 
m) at a density of one bird per 0.25 square meters. Two pens 
were placed on each of the experimental rations (Table 
III.20). Rations 1 and 5 which were the same formulation 
served as the controls in the experiment. The rations were 
formulated to be isocaloric and isonitrogenous and to 
eontarn) 0.40, 0.445. 0248 o1770250% total P. Theulevel ofp 
was increased by the addition of 10, 20 or 25% CM or by tite 
addition of 0.20, 0.40 or 0.50% of an inorganic P supplement 
(Biofos). Feed, water and insoluble grit were fed ad 
libitum. Fourteen hours of light were provided daily. The 
experiment was terminated after a production period of 46 
weeks. 

Records were kept of daily egg production, average egg 
weight (from one days collection each week), feed 
consumption and mortality. Birds that died were sent to the 
Provincial Veterinary Laboratory, Edmonton for autopsy in 
order to ascertain the cause of death. At 4-week intervals, 
specific gravity and Haugh unit values were determined on 15 


eggs from each replicate. Egg fracture force and deformation 
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measurements were carried out on 15 eggs from each replicate 
atethe end -of16, 12, 923Gand’ 40 weeks of “lay using an 
electronic apparatus (Appendix 2) referred to as the ‘Ottawa 
Texture MeaSuring System' (Voisey 1971; Voisey et al. 1977). 
Blood samples were taken from four birds in each replicate 
at the end of 12, 24 and 36 weeks of the experiment for 
determination of the inorganic P content of the plasma 
(Goldenberg and Fernandez 1966). 

Atv thevendsof@thesexper imental period) sioursbirds #from 
each replicate were selected at random and killed by 
cervical dislocation. The thyroid glands from each bird were 
removed and weighed. The tibia bone and middle toe (between 
the second and third digital bones) were removed from the 
left side of the chickens. Each tibia was cleaned of 
adhering tissue by immersing in boiling water and then 
crushed. They wer fat extracted with ether, dried to 
constant weight at 100°C and ashed at 800°C for 1 hour. The 
ash content of the bones was then calculated (AOAC 1980). 
Four toes from birds from each replicate were dried together 
to constant weight at 100°C and ashed at 600°C for 4 hours. 
Ash percentages for each treatment were then calculated 
(AOAC 1980). 

Average values obtained for replicates were subjected 
to analysis of variance. Percentage data for mortality were 
transformed using arcsin transformation (Steel and Torrie 
1980); however, for ease of interpretation, means were 


expressed as percentages. Significance of differences were 
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assessed by applying Students-Newman-Keuls' test (Steel and 


Torrie 1980) at the 0.05 level of probability. 


Results and Discussion 

The results of the experiment are summarized in Tables 
II1I.21 and III.22 with the results from Rations 1 and 5 
being combined. 

Mortality was not significantly affected by any of the 
treatments employed. Deaths that occurred were mainly due to 
a mild outbreak of coccidiosis, hemorrhagic liver syndrome 
and avian leucosis. In general, the level of mortality 
encountered was low. 

There were no significant differences in either 
hen-housed production or hen-day production as a result of 
the various treatments. Although the rations which contained 
20 and 25% CM had the lowest rate of production they were 
not. Significantly different ifrom the controls. The high 
levels of phytin (0.29 to 0.33%) in the rations containing 
CM were not detrimental to egg production. Gillis et al. 
(1953) also observed that egg production of hens fed a diet 
containing 0.47% total P with 0.32% phytin P was similar to 
those fed a diet with 0.49% P containing only 0.10% phytin 
ee 

Feed conversion ratios were similar in all treatments. 
This indicated that there was no additional consumption of 
feed to meet the P requirements. This agrees with the 


observations of Davidson and Boyne (1970) and Ademosun and 
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Kalango (1973) that P levels of the diet did not affect 
intake. It also agrees with the observation of Summers et 
al. (1976) who found that feed intake was depressed only 
when the level of available P in the diet was reduced to 
0.15%. Reichmann and Connor (1977) also reported no effect 
of P level on feed conversion values. 

The levels of P in the diets had no influence on body 
weight gain during the experiment. The final body weights 
were Similar in all treatments. Pepper et al. (1959) 
observed little difference in body weights as a result of 
varying P levels in the diets. 

Thyroid size of the birds was related to the 
supplemental level of CM and was not influenced by the level 
of P in the diet. The birds fed the rations without added CM 
showed no enlargement of the thyroids but as the level of CM 
in the diet was increased there wasS a corresponding increase 
in thyroid size. The degree of enlargement was similar to 
that previously reported (Thomas et al. 1978) in hens fed 
rations containing CM (cult. Tower). 

There were no significant differences in inorganic P 
levels in plasma as a result of feeding varying levels of P 
to laying birds. Levels observed ranged from 4.02 to 4.59 
mg/100ml. of plasma. Since the range in total P levels in 
the experimental rations used was relatively narrow (0.4 to 
0.5%) it was unlikely that any difference in blood plasma 
inorganic P would be observed. Reichmann and Connor (1977) 


similarly found no difference in inorganic P levels in 
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plasma when the diets contained from 0.45 to 0.80% P, but 
higher levels than this in the diet produced marked 
increases in plasma inorganic P levels. 

The degree of calcification in the bones was apparently 
not affected by the levels or type of P used in the 
experiment. There were no differences in percentage of ash 
in the tibias and toes of the laying birds as a result of 
the varying levels of P. The birds fed rations containing no 
Supplemental inorganic P (Rations 1-5) had ash levels in the 
tibias and toes similar to those observed in the hens fed 
rations containing an added source of inorganic P. This 
indicated that bone ash was not depleted even when all of 
the P in the rations fed was of plant origin. This is in 
agreement with previous reports (Pepper et al. 1959; 
Waldroup et al. 1965; Salman et al. 1969) which indicated 
that feedstuffs of plant origin provide an adequate source 
of P for the laying hen. 

Egg quality traits as measured by Haugh unit values, 
egg specific gravity, egg fracture force, deformation and 
egg weights were not affected by the level of P in the diet. 
Haugh unit values were fairly constant in all groups ranging 
from 69.2 to 72.3 and were not affected by the high levels 
of CM in the diet. Shell quality as assessed by specific 
gravity, fracture force and deformation was uniform 
throughout the experimental period. Average values for 
Specific. gravity were i.0csnor s!.004 in*all the treatment 


groups. Average fracture force of eggs ranged from 3.40 to 
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3.50 kg. Voisey and Hunt (1976) observed that fracture force 
would be the best indicator of shell strength. There was 
very little variation in average deformation values of eggs 
(72 to 74.5 um) between the various ration treatments. There 
was also little difference in egg weights (60.5 to 62.0 g) 
as a result of the different treatments. The lack of any 
Significant effect on egg quality traits agrees with the 
observation of others. Pepper et al. (1959) observed no 
response in egg specific gravity by increasing the level of 
P from 0.37 to 0.47%. Hamilton and Sibbald (1977) also 
showed that feeding diets containing 0.40 to 0.55% P had no 
effect on specific gravity, egg weight or Haugh units. 
Yannakopoulos and Morris (1979) similarly showed that 
Gietary P had no effect on shell thickness, deformation or 


Specific gravity of the eggs. 


Summary 

An experiment was conducted to determine dietary P 
requirements of laying hens kept in floor pens. The birds 
were fed rations of varying P content in which the levels 
were altered by adding either CM or an inorganic P 
supplement. The following results were obtained: 
Toa devel of 0.40%) Pewitheall of ithe P derived from plant 
Sources appeared to meet the dietary requirements of the 
laying hen. 
2. Increasing the dietary level of P to 0.44, 0.48 or 0.50% 


through the addition of CM or an inorganic P supplement had 
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no effect on mortality, rate of growth, feed conversion, 
final body weight, blood P levels or calcification as 
measured by tibia or toe ash content. 
3. Inclusion of CM in the laying rations resulted in 
increased thyroid size which was directly related to the 
level of CM used. 
4, The treatments used had no effect on egg quality traits 
as measured by egg weight, Haugh unit values, specific 
gravity, fracture force or deformation. 

It may therefore be concluded that for laying hens kept 
in floor pens the requirement for P is not in excess of 


0.40%. 
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2. Influence of phosphorus levels in rations containing 


canola meal on performance of hens kept in batteries 


Introduction 

The results of the previous experiment indicated that a 
dietary level of 0.40% P derived from plant sources appeared 
to meet the requirements of the laying hen. Since this level 
was well below the listed requirements for P by laying hens 
(NAS-NRC 1977) but agreed with the levels observed by 
O'Rourke et al. (1955) and Pepper et al. (1959), it seemed 
possible that the apparently low requirement for P may have 
been a result of keeping the birds in floor pens rather than 
in cages. It has been reported that hens raised in cages 
have a higher P requirement than hens raised on floors 
(Harms et al. 1961: Marr et al. 1961). Singsen et al. (1962) 
suggested that hens raised on litter gain access to P 
through coprophagy thus lowering their apparent P 
requirements. 

The following study was undertaken to determine the 
minimum level of P required by laying birds kept in 
batteries and fed diets in which no P was derived from 


animal protein sources. 


Materials and Methods 
One hundred and twenty eight Shaver Starcross pullets 


fed diets with adequate amounts of P were divided after 29 
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weeks of lay into eight comparable groups of 16 birds each. 
The birds were placed in laying cages with raised wire 
floors; two birds were placed in each cage (0.3 m x 0.4 m). 

Two groups were assigned to each of the experimental 
rations (Table III.23). The rations were formulated to be 
isocaloric and isonitrogenous and to contain 0.32, 0.38, 
0.44 or 0.50% total P. The level of total P was increased by 
bEhe addition of 10 or 20% CM or 20% CM plus 0.230% of an 
inorganic P supplement (Biofos). Feed and water were 
supplied ad libitum. Fourteen hours of light were provided 
daily. The experiment was terminated after 19 weeks. 

Records were kept of daily egg production, average egg 
weight (from one days collection each week), feed 
consumption and mortality. Birds that died were sent to the 
Veterinary Laboratory, Edmonton for autopsy in order to 
ascertain the cause of death. 

At the end of the first three weeks on experiment and 
subsequently each four weeks, specific gravity and Haugh 
units were determined on all eggs produced in one day from 
each replicate. Egg fracture force and deformation 
measurements were carried out on 10 eggs from each replicate 
at the end of 7, 15 and 19 weeks on experiment using an 
electronic apparatus (Appendix 2) referred to as the ‘Ottawa 
Texture Measuring System'. Blood samples were taken from 
three birds in each replicate at the end of the experiment 
for determination of the inorganic P content of plasma 


(Goldenberg and Fernandez 1966). 
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At the end of the experiment, four birds from each 
treatment were killed, their thyroids removed and weighed, 
and the tibias and toes from the left side of the bird were 
removed for determination of bone ash in the same way as in 
the previous experiment. 

Average values obtained for replicates were subjected 
to analysis of variance. Significance of differences were 
assessed by applying Students-Newman-Keuls' test (Steel and 
Torrie 1980) at the 0.05 level of probability. In the case 
of data for egg production, feed conversion ratios, egg 
weights, Haugh units, specific gravity, fracture force and 
deformation, average values for the treatments in each 


period were statistically analyzed separately. 


Results and Discussion 

The results of the experiment are summarized in Tables 
Pt ceo lll 25) tie oeganG Mil), 27. 

Egg production on either a hen-housed or a hen-day 
basis (Table III.24) was high in all the treatments with no 
Significant differences during the first 11 weeks of the 
experiment. During the period from 11 to 19 weeks the hens 
fed the ration containing 0.32% P exhibited a marked drop in 
egg production which was significantly lower than that of 
thewhens ctedathne Midnerwlevels of totalBP, (Fig 1lli.7):. 
Waldroup et al. (1967) observed a similar drop in production 
of laying hens fed a corn-soy diet containing 0.34% P after 


a period of 28 days. The shorter time lapse before a drop in 
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production occurred may have been due to their using younger 
birds (24 weeks) just beginning their egg laying cycle. When 
0.38, 0.44 or 0.50% total P was present in the ration, egg 
production was similar for the different treatments even in 
the last 2 periods. Singsen et al. (1962) reported that 
birds kept in wire cages had a requirement of more than 
0.40% total P for optimum egg production while Crowley et 
al. (1963) observed that a level of 0.38% total P was 
adequate to support a high rate of egg production (65 to 
70%) over a 44 week-period. Thus the results indicate that 
the extra P supplied through the inclusion of 10% or 20% CM 
was well utilized by laying hens. 

The efficiency of feed conversion was not affected by 
the levels of P supplied until late in the experiment after 
rate of production had declined in the groups fed the lowest 
level of P (Fig II11.2). No significant differences in feed 
conversion were noted until the end of 15 weeks on 
experiment when the birds fed the low P diet showed a 
Significantly higher feed conversion as compared to the 
other groups. 

Egg quality traits (Table III.25) as measured by egg 
weights, Haugh units and specific gravity were only affected 
to a small degree by the different treatments. Egg weights 
were mot isigniticantlysattected by therdifierent levels.or P 
in the diet but during the period from 15 to 19 weeks hens 


receiving low P diets showed significantly reduced egg size. 
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Fig. III.2 Influence of varying levels of phosphorus 


on feed conversion 
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Haugh unit values of the eggs were influenced by the 
level of P in the diet. Throughout the experiment in all 
periods the eggs from the hens fed 0.32% P recorded the 
highest Haugh unit values although significant differences 
were noted only in the third and fifth periods. In the 
fourth period the inadequate number of eggs from the hens 
given the low P diet prevented any measurements for Haugh 
units being taken. The better quality of eggs noted in the 
low P diet may be due to the fewer number of eggs being 
produced. 

Specific gravity of eggs was not signifcantly affected 
by any of the treatments. Slightly higher specific gravity 
of eggs from hens fed the low P diet may have been a result 
of the decreased rate of production. Harms et al. (1961) 
Similarly reported no response in egg specific gravity as a 
result of increasing P levels from 0.35 to 0.80%. 

Other egg quality traits. (Table III.26) such as 
fracture force and deformation were not significantly 
affected by the different levels of P fed. The eggs from the 
birds fed 0.32% P did show a somewhat lower deformation 
indicating better shell quality as compared to eggs from the 
other groups. 

Mortality (Table III.27) was not significantly affected 
by the level of dietary P. The two birds that died in the 
groups fed diets containing 0.32% P suffered from trauma to 
the toes with extensive hemorrhage and fracture of the 


phalanges. The other two deaths that occurred were due to 
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hemorrhagic liver syndrome. 

Body weight was significantly reduced in the hens fed 
0.32% P. Although the initial body weight was similar in all 
the groups at the end of the experimental period there was a 
significant loss of weight in the hens fed diets with 0.32% 
P, The hens fed diets containing 0.38,0.44 or 0.50% P had 
improved body weights and were similar to each other. These 
results indicate that the birds fed 0.32% P did not have 
sufficient P for maintenance of body weight. 

Plasma inorganic P level did not show any significant 
response to dietary P level. When the dietary P level was 
0.32% the plasma inorganic P levels of the birds were 
comparable to those fed the higher P levels. Crowley et al. 
(1963) observed that not more than 0.265% P was required for 
maintenance of normal blood P levels. Although the birds fed 
0.50% total P had the highest level of inorganic P in plasma 
it was not significantly different from the others. Similar 
results were noted in a previous experiment conducted with 
laying hens raised in floor pens. 

Tibia ash values were affected by the treatments used. 
A significant difference in tibia ash was noted only between 
the groups fed 0.38% P and 0.50% P. This showed that a level 
of 0.38% P was not adequate for calcification when the bird 
was in an active state of production. The hens fed 0.32% P 
did not show any significant reduction in tibia ash values 
probably because production of eggs was reduced and 


therefore withdrawal of minerals from the bones for egg 
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shell formation was reduced. When the level of P in the diet 
was increased to 0.44% P by the addition of 20% CM 
calcification appeared to be adequate. The addition of 0.06% 
extra P in the form of an inorganic P supplement did not 
result in any significant increase in bone ash values. This 
result is similar to that of Salman et al. (1969) who 
observed that plant P was as available for bone ash as a 
Mixture of plant P and inorganic P. 

Toe ash values did not show any significant differences 
between the different treatments. The hens fed 0.38% P or 
0.50% P did show the lowest and highest values for toe ash 


as in the case of tibia ash but the difference was small. 


summary 

An experiment was conducted with laying hens raised in 
batteries to determine the level of dietary P required when 
CM was included in the ration. The following results were 
obtained: | 

te Asdietary level of 02322 -P supplied by plant ingredients 
was inadequate for laying hens raised in batteries. 

2. When the level of P was increased to 0.38% by the 
inclusion of 10% CM a high level of egg production was 
obtained but calcification of the tibias was lower than when 
a higher level of dietary P was used. 

3. When the level of P was increased to 0.44% by the 
inclusion of 20% CM optimum production of good quality eggs 


and adequate calcification of the bones was observed. 
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Inclusion of 0.06% extra inorganic P in the diet containing 
20% CM had no effect on egg production, egg quality, or bone 
ash values. 

The results obtained in the experiment indicated that 


the P requirement of hens kept in batteries was 0.44%. 
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IV. GENERAL DISCUSSION 
Although the dietary requirement of starting and growing 
chickens for P is usually expressed in terms of total P in 
the feed, the experiments conducted indicated that 
requirements expressed in terms of the inorganic P content 
of the ration might be more appropriate. In the experiments, 
optimum growth and calcification were more closely related 
touthemlevelsioflinorganicePsrather than ‘toytotaliP levels 
in the diets. This suggested that there was very little 
utilization by growing chickens of the phytin P in CM for 
growth and calcification. 

The experiments reported herein demonstrated that the 
available P in the diet was utilized £irstwiorsgrowtheand 
fhenstorncalciticationee ino nacionseinpwhichathe totaler 
content was maintained constant and the level of phytin P 
was increased by successive increases in the level of CM, 
calcification was first affected and then growth rate was 
impaired. The reduced availability of phytin P was clearly 
evident when rations containing 30% CM, without any 
inorganic P supplement were used. Waldroup et al. (1965) 
similarly observed that while rations containing a high 
level of organic P supported growth it was less available 
fore boned calcification: 

It was apparent from these studies that young growing 
chickens need a supply of readily available inorganic P for 
optimum performance. This is in agreement with Gillis et al. 


(1948) who reported that chickens can utilize phytin P to a 
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limited extent only in the presence of a substantial amount 
of available P. 

Although commercial CM is subjected to heat treatment 
during processing, additional heat treatment by autoclaving 
seemed to be of some benefit in improving P utilization. The 
exact mechanism involved in improved P utilization is 
unknown but it is possible that the application of moist 
heat under high temperature and pressure may result in some 
hydrolysis of the phytin-bound P (O'Dell 1962; Lease 1966). 
A longer period of heating at a higher temperature 
apparently resulted in better utilization of dietary P than 
when a shorter period of heating at a lower temperature was 
used. Although heat was applied during steam pelleting, the 
diets containing pelleted CM did not perform as well as 
those containing autoclaved CM. This suggests that the 
shorter time and lower temperature used in pelleting as 
compared to autoclaving was not sufficient to cause 
extensive hydrolysis of phytin. 

It has been suggested that high fibre levels in the 
diet may reduce the availability of P for growing chickens 
(Nwokolo and Bragg 1977). Since CM has a higher fibre 
content than SBM the inclusion of CM in rations results in 
increased fibre content. It is of interest, however, that in 
these experiments it appeared that the level of fibre had no 
effect on utilization of P. When a non-nutritive fibre 
source (alphafloc) was added to the diet to achieve the same 


levels of fibre as when 20 or 30% CM was included in the 
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ration, there was no effect on rate of growth and bone 
calcification as compared to a control ration without CM. 

Consideration of the results of the studies suggest 
that it may be possible to formulate rations with less P 
than stated requirements and still achieve optimum 
performance. The publication Nutrient Requirements of 
Poultry (NAS-NRC 1977) lists a requirement of 0.70% total P 
for starting chickens. From the experiments conducted it was 
apparent that optimum performance was achieved with 0.58% 
total P provided that at least 0.25% inorganic P was 
included in the ration. Since all experiments indicated that 
a minimum level of inorganic P was necessary it would appear 
logical that requirements should include inorganic P content 
as well as total P levels. 

The experiments with turkey poults demonstrated that, 
as with broilers, satisfactory growth and feed conversion 
could be achieved with relatively low levels of total and 
inorganic P in the ration. In order to achieve maximum 
levels of bone ash, however, higher dietary levels of total 
and inorganic P were necessary. Since the higher levels of 
inorganic P resulted in greater incidence of leg disorders, 
further experiments are needed to determine whether high 
bone ash values are desirable. 

The experiments conducted with laying hens indicated 
that the dietary requirements for total P was lower than 
that recommended in Nutrient Requirements of Poultry. A 


requirement level of 0.40% P for hens kept in floor pens and 
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of 0.44% P for hens kept in batteries represents a 
significant reduction in-comparison to the requirement of 
0.50% P listed (NAS-NRC 1977). 

The low requirement levels observed indicated that the 
baying hen=has the ability, to utilize the phytin-P in the 
diet. Even in diets composed principally of plant products 
and without an inorganic P supplement the laying hen was 


able to utilize the phytin P to meet its dietary needs. 
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APPENDICES 


Appendix 1: Posterior and lateral views of left tibias of 


chickens fed different dietary inorganic phosphorus levels 


The influence of dietary P on growth and calcification 
of the bones is shown in figure A. The photographs show two 
views of typical left tibias of chickens fed rations with 
varying levels of total and inorganic P and different levels 
of raw and autoclaved CM (Table III.9). 

The first three tibias (Rations 4, 9 and 1) were from 
birds fed SBM control rations and containing 0.58, 0.68 or 
0.54% total P and 0.29, 0.38 and 0.24% inorganic P 
respectively. The bones showed normal length and 
GCarcriication, 

The next three tibias (Rations 6,8 and 5) from broilers 
fed 20% A-CM, 30% A-CM and 20% CM; each contained 0.58% 
total. P and: 0.22) 0119 and 0.22% )inorganic. P-respectively. 
The length of the bones was close to normal but 
calcification was reduced as indicated by the darker color 
of the bones and twisting at the proximal end. There was 
less deformation of the tibia from the ration containing 20% 
A-CM than from the other two rations. 

The last three tibias (Rations 3, 7 and 2) were from 
broilers fed rations containing 20% A-CM, 30% CM and 20% CM 


respectively. The total Pmlevel=@in Ratbionses and 2 were 
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0.54% and in Ration 7 was 0.58%. The inorganic P levels in 
the rations were 0.18 and 0.19% respectively. The length of 
the bones was shortened and calcification was reduced. It 
was observed that calcification and bone formation was 
closer to normal on Ration 3 containing 20% A-CM as compared 
to Ration 2 containing 20% CM. 

Enlargements of the photographs are shown in Figures B, 
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Fig A- Posterior and lateral views of left tibias of 
chickens fed rations with different levels 


of inorganic and total phosphorus 
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Ration 


Fig B- Posterior and lateral views of left tibias of 


chickens fed Rations 4, 9 and 1 
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Fig C- Posterior and lateral views of left tibias of 


chickens fed Rations 6, 8 and 5 


+f } 7 war) @. A Cras “ 2. en 
| 7 i 2 
#). 
ang : | 
jal .) i 


Meg 
) ne ’ 
; i 
i ; 
+ ; { 
. 7 
1 
' aa 
i 
> 
H hPa dees 
7 | 
ve 
Ds i ‘9 Fi 
i me 


Gite ae 
, ce 


Ration 


Fa gD- 


Ration <p 7 ‘ah 


Posterior and lateral views of left 


chickens fed Rations 3, 7 and 2 


tibias of 


138 


i | A 
a | , 
1 f Ly a 
| ‘ Lv 
oy } " ct 
Dy iA) ‘| 


i 
| a ee 


iy ‘ s healaatia ra 
aa ea oe 


y i } * 
ia 1 ae 
Pain: ihe 
I (idee Sey 
r 
git) 
{ 
j 
b Pan 
e. ey if or 
ATO ee a ee 
y iV BA's } { 
Me. phi 10 rae adh fal’ Sg 
c y £7 f 
4 th kas 
Mee Sig 
‘7 ro j 
i >» re 
Peay Nae meg 
, wa : ie } F ‘ ‘ ‘ 
cc 1 
i ‘5 aA | . i) : 
a i ; AK UP - 
5 wr “hiv wee mahal 
Pans Pre! iy ‘UE bith 
: be ae ie 
ae th Wiey Ne a WA Paty a 
Fi Ae ie ‘eon Peas 
Eo y ss 
en mT 
Aes hipyt be 
WR Lilith 8. A 
1 vo re M 
— m 7 ¥ date oe uh 
i ia Pre wi me elt uah\ aa 
S4 7 : “ 7 ir p 
ib A Ly Wy wi? nt Wek 
7) v7 : A e i ° 


r 
oe ) 
lay | haee 


a. OFM 


a 


f r a a > i r 
i? ag & ty 


So 


Appendix 2: Egg shell quality testing machine 
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